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TITLE OF THE INVENTION 

CARCINOEMBRYONIC ANTIGEN FUSIONS AND USES THEREOF 

FIELD OF THE INVENTION 
5 The present invention relates generally to the therapy of cancer. More specifically, 

the present invention relates to polynucleotides encoding fusion proteins wherein the fusion proteins 
comprise at least a portion of the tumor associated polypeptide carcinoembryonic antigen. The 
present invention also provides recombinant vectors and hosts comprising said polynucleotides, 
purified fusion proteins and methods for enhancing an immune response against CEA using the 
10 compositions and molecules disclosed herein. 

BACKGROUND OF THE INVENTION 

The immunoglobulin superfamily (IgSF) consists of numerous genes that code for 
proteins with diverse functions, one of which is intercellular adhesion. IgSF proteins contain at least 
15 one Ig-related domain that is important for maintaining proper intermolecular binding interactions. 
Because such interactions are necessary to the diverse biological functions of the IgSF members, 
disruption or aberrant expression of many IgSF adhesion molecules has been correlated with many 
human diseases. 

The carcinoembryonic antigen (CEA) belongs to a subfamily of the Ig superfamily 
20 consisting of cell surface glycoproteins known as CEA-related cell adhesion molecules (CEACAMs). 
CEACAMs have been shown to act as both homotypic and heterotypic intercellular adhesion 
molecules (Benchimol et al., Cell 57: 327-334 (1989)). In addition to cell adhesion, CEA (also 
known as CEACAMS) inhibits cell death resulting from detachment of cells from the extracellular 
matrix and can contribute to cellular transformation associated with certain proto-oncogenes such as 
25 Bcl2 and C-Myc (see Berinstein, J. Clin Oncol. 20(8): 2197-2207 (2002)). Sequences coding for 
human CEA have been cloned and characterized (U.S. Patent No. 5,274,087; U.S. Patent No 
5,571,710; and U.S. Patent No 5,843,761. See also Beauchemin et al., Mol Cell Biol 7:3221-3230 
(1987); Zimmerman et al., Proc. Natl Acad. ScL USA 84:920-924 (1987); Thompson et al. Proc. 
Natl Acad ScL USA 84(9):2965-69 (1987)). 
30 Normal expression of CEA has been detected during fetal development and in adult 

colonic mucosa. CEA overexpression was first detected in human colon tumors over thirty years ago 
(Gold and Freedman, J. Exp. Med. 121:439-462 (1965)) and has since been found in nearly all 
colorectal tumors. Additionally, CEA overexpression is detectable in a high percentage of 
adenocarcinomas of the pancreas, liver, breast, ovary, cervix, and lung. Because of its prevalence in 
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these tumor types and limited normal tissue expression, CEA is considered a self tumor-associated 
antigen and a target for active and passive immunotherapy. Recent clinical data have established that 
different vaccine strategies can generate human B and T cells specific for CEA, providing additional 
evidence that CEA is a target for molecular and immunological intervention for treatment of these 
5 cancer types. 

Therapeutic approaches targeting CEA include the use of anti-CEA antibodies {see 
Chester et al., Cancer Chemother. Pharmacol. 46 (Suppl): S8-S12 (2000)), as well as CEA-based 
vaccines (for review, see Berinstein, supra). The development and commercialization of many 
vaccines have been hindered by difficulties associated with obtaining high expression levels of 

10 exogenous genes. Success of DNA-based vaccines has also been hindered by an inability to generate 
an immune response of sufficient magnitude in treated individuals. Although DNA vaccines targeting 
various proteins have been developed, the resulting immune responses have been relatively weak 
compared with conventional vaccines. 

The ease of DNA manipulation has offered an opportunity to develop vaccines 

15 incorporating gene fusion strategies in which antigens are linked to various immunoenhancing 
elements. Enhancement of immune response to target antigens has been demonstrated in animal 
models by vectors encoding antigens fused to heat shock protein (HSP) 70 (Liu et al., J. Virol 74: 
2888-94 (2000); Cheng et al. J. Immunol 166: 6218-26 (2001); Chen et al., Cancer Res. 60: 1035-42 
(2000)), to Fc portion of IgGl (You et al., /. Immunol 165: 4581-92 (2000)), to lysosome-associated 

20 membrane protein (LAMP) (Su et al., Cancer Res. 62: 5041-48 (2002)), and universal Th epitope 
from tetanus toxin (Renard et al., J. Immunol 171:1588-95 (2003); King et al., Nature Med. 4: 1281- 
86 (1998); Lund et al., Cancer Gene Ther. 10: 365-76 (2003); Padua et al., Nature Med. 9(11): 1413- 
17 (2003); Savelyeva et aL, Nature Biotechnol 19: 760-64 (2001); Wahren et al., WO 2004/092216). 
The enhancement of immune responses to target antigens is particularly relevant for cancer vaccines 

25 in view of the limited immunogenicity of tumor antigens and of the need to overcome tolerance to 
exert effective antitumor effects. 

Therefore, despite the identification of the wild-type nucleotide sequences encoding 
CEA proteins described above, it would be highly desirable to develop a vaccine which is capable of 
eliciting an enhanced CEA-specific immune response relative to a wild-type full-length CEA cDNA, 

30 when delivered to a mammal. It would also be desirable to develop methods for treating or 

preventing CEA-associated cancers which utilize nucleic acid molecules or proteins that safely and 
effectively potentiate a CEA-specific immune response. 
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SUMMARY OF THE INVENTION 

The present invention provides polynucleotides encoding fusion proteins wherein the 
fusion proteins comprise at least a portion of the tumor associated polypeptide carcinoembryonic 
antigen, fused to a substantial portion of an immunoenhancing element, such as a bacterial toxin. In 
5 preferred embodiments, the CEA portion of the encoded CEA fusion protein is deleted of its C- 

terminal anchoring domain. In preferred embodiments, the immunoenhancing element is the A or B 
subunit of the heat labile enterotoxin of Rcoli, or substantial portion thereof. In other preferred 
embodiments, the immunoenhancing element is the minimized domain of tetanus toxin fragment C 
(DOM), or substantial portion thereof. The present invention also provides recombinant vectors, 

10 including but not limited to, adenovirus and plasmid vectors, comprising said polynucleotides and 
host cells comprising said recombinant vectors. Also provided herein are purified fusion proteins 
encoded by invention polynucleotides. 

The present invention further provides methods for inhibiting or preventing the 
development of a cancer in a mammal by eliciting an immune response to the CEA protein by 

15 administering a vaccine or pharmaceutical composition comprising the CEA fusions or CEA fusion 
proteins described herein. In preferred embodiments of the methods herein, the immune response is 
enhanced relative to the response elicited by a wild-type CEA vaccine. 

As used throughout the specification and in the appended claims, the singular forms 
"a," "an," and "the" include the plural reference unless the context clearly dictates otherwise. 

20 As used throughout the specification and appended claims, the following definiticms 

and abbreviations apply: 

The term "promoter" refers to a recognition site on a DNA strand to which the RNA 
polymerase binds. The promoter forms an initiation complex with RNA polymerase to initiate and 
drive transcriptional activity. The complex can be modified by activating sequences termed 

25 "enhancers" or inhibiting sequences termed "silencers". 

The term "cassette" refers to a nucleotide or gene sequence that is to be expressed 
from a vector, for example, the nucleotide or gene sequence encoding the hCEA-LTB fusion. In 
general, a cassette comprises a gene sequence that can be inserted into a vector, which in some 
embodiments, provides regulatory sequences for expressing the nucleotide or gene sequence. In other 

30 embodiments, the nucleotide or gene sequence provides the regulatory sequences for its expression. 
In further embodiments, the vector provides some regulatory sequences and the nucleotide or gene 
sequence provides other regulatory sequences. For example, the vector can provide a promoter for 
transcribing the nucleotide or gene sequence and the nucleotide or gene sequence provides a 
transcription termination sequence. The regulatory sequences that can be provided by the vector 
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include, but are not limited to, enhancers, transcription termination sequences, splice acceptor and 
donor sequences, introns, ribosome binding sequences, and poly(A) addition sequences. 

The term "vector" refers to some means by which DNA fragments can be introduced 
into a host organism or host tissue. There are various types of vectors including plasmid, virus 
5 (including adenovirus), bacteriophages and cosmids. 

The term "first generation/' as used in reference to adenoviral vectors, describes 
adenoviral vectors that are replication-defective. First generation adenovirus vectors typically have a 
deleted or inactivated El gene region, and preferably have a deleted or inactivated E3 gene region. 

The abbreviation "DOM" refers generally to the N-terminal domain of fragment C of 

10 tetanus toxoid. 

The abbreviation "LT" refers generally to the heat labile enterotoxin of E. coli. "LT" 
may refer to the complete enterotoxin, comprising subunits A and B or a substantial portion of 
subunit A, or a substantial portion of subunit B. The abbreviation "LTA" refers to the A subunit of 
the heat labile enterotoxin of E. coli, or substantial portion thereof, including subunits which are 

15 truncated on the C-terminal or N-terminal end but maintain biological activity, as well as subunits that 
contain internal amino acid insertions, deletions, or substitutions but maintain biological activity. The 
abbreviation "LTB" refers to the B subunit of the heat labile enterotoxin of E. coli, or substantial 
portion thereof, including subunits which are truncated on the C-terminal or N-terminal end but 
maintain biological activity, as well as subunits that contain internal amino acid insertions, deletions, 

20 or substitutions but maintain biological activity. 

The designation "pVl J/hCEAopt" refers to a plasmid construct, disclosed herein, 
comprising the CMV immediate-early (IE) promoter with intron A, a full-length codon-optimized 
human CEA gene, bovine growth hormone-derived polyadenylation and transcriptional termination 
sequences, and a minimal pUC backbone (see EXAMPLE 2). The designation "pVl J/hCEA" refers 

25 to a construct essentially as described above, except the construct comprises a wild-type human CEA 
gene instead of a codon-optimized human CEA gene. 

The designation "pVlJ/hCEA-LTB" refers to a plasmid construct, disclosed herein, 
comprising the CMV immediate-early (IE) promoter with intron A, a human CEA gene devoid of its 
GPI anchor coding sequence, fused at its C-terminal end to the B subunit of E. coli heat labile 

30 enterotoxin, bovine growth hormone-derived polyadenylation and transcriptional termination 
sequences, and a minimal pUC backbone. 

The designation "pVU/hCEAopt-LTB" refers to a construct essentially as described 
immediately above, except the construct comprises a codon-optimized human CEA gene devoid of its 
GPI anchor coding sequence instead of the corresponding portion of the wild-type human CEA gene. 
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The designation <c pVlJ/hCEAopt-LTBopt" refers to a plasmid construct essentially as 
described immediately above, except that both the CEA sequences and the LTB sequences are codon- 
optimized for high level expression in human cells. 

The designation "pVlJ/rhCEAopt-LTBopt" refers to a construct essentially as 
5 described above except that the human codon-optimized CEA gene is replaced with a rhesus monkey 
CEA gene, codon-optimized for high-level expression in human cells. 

The designation "pVD/hCEA-LTA" refers to a plasmid construct, disclosed herein, 
comprising the CMV immediate-early (IE) promoter with intron A, a human CEA gene devoid of the 
GPI anchor coding sequence, fused at its C-terminal end to the A subunit of E. coli heat labile 
10 enterotoxin, bovine growth hormone-derived polyadenylation and transcriptional termination 

sequences, and a minimal pUC backbone. Construction of plasmid vectors comprising various CEA- 
LT fusions is described in EXAMPLE 2. 

The designation "pVU/hCEA-DOM" refers to a plasmid construct, disclosed herein, 
comprising the CMV immediate-early (IE) promoter with intron A, a human CEA gene devoid of its 
15 GPI anchor coding sequence, fused at its C-terminal end to the N-terminal domain of Fragment C of 
tetanus toxoid (DOM), bovine growth hormone-derived polyadenylation and transcriptional 
termination sequences, and a minimal pUC backbone (EXAMPLE 2). 

The designation "pVU/rhCEAopt-DOMopt" refers to a construct essentially as 
described above except that the human codon-optimized CEA gene is replaced with a rhesus monkey 
20 CEA gene, codon-optimized for high-level expression in human cells. 

The designation "pVlJ/hCEA-FcIgG" refers to a plasmid construct, disclosed herein, 
comprising the CMV immediate-early (IE) promoter with intron A, a human CEA gene devoid of the 
GPI anchor coding sequence, fused at its C-terminal end to the heavy fragment of constant chain of 
immunoglobulin Gl, bovine growth hormone-derived polyadenylation and transcriptional termination 
25 sequences, and a minimal pUC backbone. (EXAMPLE 2). pVU/hCEAopt-FcIgGopt refers to a 
construct essentially as described, except the nucleotide sequences encoding CEA and FcIgG have 
been codon-optimized for high-level expression in human cells. 

The designations "Ad5/hCEAopt" and "Ad5/hCEA" refer to two constructs, 
disclosed herein, which comprise an Ad5 adenoviral genome deleted of the El and E3 regions. In the 
30 <e Ad5/hCEAopt" construct, the El region is replaced by a codon-optimized human CEA gene in an El 
parallel orientation under the control of a human CMV promoter without intron A, followed by a 
bovine growth hormone polyadenylation signal. The "Ad5/hCEA" construct is essentially as 
described above, except the El region of the Ad5 genome is replaced with a wild-type human CEA 
sequence. The designation "Ad5/hCEAopt~LTB" refers to an Ad5 construct, essentially as described 
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above, except that the codon-optimized human CEA sequence is devoid of the GPI anchor coding 
sequence and is fused at its C-terminus to the B subunit of E. coli heat labile enterotoxin. 
Construction of adenovirus vectors comprising various CEA-LT fusions is described in EXAMPLE 3. 

"Immunoenhancing element" refers to a portion of the CEA fusion proteins of the 
5 present invention which is capable of stimulating or enhancing the immune response to the associated 
CEA protein, relative to full-length wild-type CEA. Immunoenhancing elements of the present 
invention are selected from the group consisting of: heat shock protein (HSP) 70, lysosome-associated 
membrane protein (LAMP), fragment C of tetanus toxoid (FrC), the N-terminal domain of FrC 
(DOM), the heavy fragment of constant chain of immune globulin Gl (FcIgG), the vesicular 

10 stomatitis virus glycoprotein (VSV-G), cholera toxin (CT) from Vibrio cholerae, and heat labile 
enterotoxin of Kcoli (LT). The term "immunoenhancing element" is used interchangeably herein 
with the term "adjuvant." 

As used herein, a "fusion protein" refers to a protein having at least two polypeptides 
covalently linked in which one polypeptide comes from one protein sequence or domain and the other 

15 polypeptide comes from a second protein sequence or domain. The fusion proteins of the present 
invention comprise a CEA polypeptide or fragment or variant thereof, and a second polypeptide, 
which comprises a substantial portion of an immunoenhancing element, which, in some cases, is a 
bacterial toxin. The CEA polypeptide, fragment or variant thereof may be a human CEA or CEA 
homolog from another species. The polypeptides that comprise the fusion protein are preferably 

20 linked N-terminus to C-terminus. The CEA polypeptide and the toxin subunit can be fused in any 

order. In some embodiments of this invention, the C-terminus of the CEA polypeptide is fused to the 
N-terminus of the toxin subunit, as exemplified in FIGURE 1A. However, fusion proteins in which 
the immunoenhancing element is fused to the N-terminus of the CEA polypeptide are also 
contemplated. The term "CEA fusion protein" is intended to be a general term which refers to a 

25 fusion as described above, which comprises a CEA polypeptide or fragment or variant thereof fused 
to a polypeptide comprising an immunoenhancing element. 

The term "CEA-LT fusion" refers to a nucleic acid sequence in which at least a 
portion of the CEA gene is fused to a substantial portion of either the LTA or the LTB subunit of E. 
coli heat labile enterotoxin. The term "CEA-LT fusion protein" refers to a polypeptide encoded by a 

30 CEA-LT fusion as described. The terms "CEA-LT fusion" and "CEA-LT fusion protein" are also 
understood to refer to fragments thereof, homologs thereof, and functional equivalents thereof 
(collectively referred to as "variants"), such as those in which one or more amino acids is inserted, 
deleted or replaced by other amino acid(s). The CEA-LT fusions of the present invention, upon 
administration to a mammal such as a human being, can stimulate an immune response by helper T 
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cells or cytotoxic T cells, or stimulate the production of antibodies at least as well as a "wild-type" 
CEA sequence. In preferred embodiments of the invention, the CEA-LT fusion can enhance the 
immune response as compared to a wild-type CEA. 

The term "CEA-DOM fusion" refers to a nucleic acid sequence in which at least a 
5 portion of the CEA gene is fused to a substantial portion of the minimized domain of tetanus toxin 
fragment C, unless the context clearly dictates that said term refers to the protein sequence. The term 
"CEA-DOM fusion protein" refers to a polypeptide encoded by a CEA-DOM fusion as described. 
The terms "CEA-DOM fusion" and "CEA-DOM fusion protein" are also understood to refer to 
fragments thereof, homologs thereof, and functional equivalents thereof (collectively referred to as 
10 "variants"), such as those in which one or more amino acids is inserted, deleted or replaced by other 
amino acid(s). The CEA-DOM fusions of the present invention, upon administration to a mammal 
such as a human being, can stimulate an immune response by helper T cells or cytotoxic T cells, or 
stimulate the production of antibodies at least as well as a "wild-type" CEA sequence. In preferred 
embodiments of the invention, the CEA-DOM fusion can enhance the immune response as compared 
15 to a wild-type CEA. 

The abbreviation "AD" refers to the anchoring domain of a CEA gene or protein. 
The anchoring domain of the wild-type human CEA is located from about amino acid 679 to about 
amino acid 702 of SEQ ID NO:20. 

The term "treatment" refers to both therapeutic treatment and prophylactic or 
20 preventative measures. Those in need of treatment include those already with the disorder as well as 
those prone to have the disorder or those in which the disorder is to be prevented. 

A "disorder" is any condition that would benefit from treatment with the molecules of 
the present invention, including the nucleic acid molecules described herein and the fusion proteins 
that are encoded by said nucleic acid molecules. Encompassed by the term "disorder" are chronic and 
25 acute disorders or diseases including those pathological conditions which predispose the mammal to 
the disorder in question. The molecules of the present invention are intended for use as treatments for 
disorders or conditions characterized by aberrant cell proliferation, including, but not limited to, 
breast cancer, colorectal cancer, and lung cancer. 

The term "effective amount" means sufficient vaccine composition is introduced to 
30 produce the adequate levels of the polypeptide, so that an immune response results. One skilled in the 
art recognizes that this level may vary. 

A "conservative amino acid substitution" refers to the replacement of one amino acid 
residue by another, chemically similar, amino acid residue. Examples of such conservative 
substitutions are: substitution of one hydrophobic residue (isoleucine, leucine, valine, or methionine) 
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for another; substitution of one polar residue for another polar residue of the same charge (e.g., 
arginine for lysine; glutamic acid for aspartic acid). 

"hCEA" and "hCEAopt" refer to a human carcinoembryonic antigen and a human 
codon-optimized carcinoembryonic antigen, respectively. 
5 "rhCEA" and "rhCEAopt" refer to a rhesus monkey carcinoembryonic antigen and a 

rhesus monkey codon-optimized carcinoembryonic antigen, respectively. 

"Substantially similar" means that a given nucleic acid or amino acid sequence shares 
at least 75%, preferably 85%, more preferably 90%, and even more preferably 95% identity with a 
reference sequence. In the present invention, the reference sequence can be relevant portions of the 

10 wild-type human CEA nucleotide or amino acid sequence, or the wild-type nucleotide or amino acid 
sequence of a bacterial toxin or subunit thereof, such as the LTB or LTA subunits of the E.coli heat 
labile enterotoxin, as dictated by the context of the text. The reference sequence may also be, for 
example, the wild-type rhesus monkey CEA sequence. Thus, a CEA protein sequence that is 
"substantially similar" to the wild-type human CEA protein or fragment thereof will share at least 

15 75% identity with the relevant fragment of the wild-type human CEA, along the length of the 

fragment, preferably 85% identity, more preferably 90% identity and even more preferably 95% 
identity. Whether a given CEA, LTB, or LTA protein or nucleotide sequence is "substantially 
similar" to a reference sequence can be determined for example, by comparing sequence information 
using sequence analysis software such as the GAP computer program, version 6.0, available from the 

20 University of Wisconsin Genetics Computer Group (UWGCG). The GAP program utilizes the 

alignment method of Needleman and Wunsch (/. MoL Biol. 48:443, 1970), as revised by Smith and 
Waterman (Adv. AppL Math. 2:482, 1981). 

A "substantial portion" of a gene, variant, fragment, or subunit thereof, means a 
portion of at least 50%, preferably 75%, more preferably 90%, and even more preferably 95% of a 

25 reference sequence. 

A "gene" refers to a nucleic acid molecule whose nucleotide sequence codes for a 
polypeptide molecule. Genes may be uninterrupted sequences of nucleotides or they may include such 
intervening segments as introns, promoter regions, splicing sites and repetitive sequences. A gene can 
be either RNA or DNA. A preferred gene is one that encodes the invention peptide. 

30 The term "nucleic acid" or "nucleic acid molecule" is intended for ribonucleic acid 

(RNA) or deoxyribonucleic acid (DNA), probes, oligonucleotides, fragment or portions thereof, and 
primers. DNA can be either complementary DNA (cDNA) or genomic DNA, e.g. a gene encoding a 
CEA fusion protein. 
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"Wild-type CEA" or "wild-type protein" or "wt protein" refers to a protein 
comprising a naturally occurring sequence of amino acids or variant thereof. The amino acid 
sequence of wild-type human CEA is shown in FIGURE 7E (SEQ ID NO:20). The amino acid 
sequence of the wild-type rhesus monkey CEA was previously described (WO 2004/072287, see 
5 FIGURES 7A-7B). 

"Wild-type CEA gene" refers to a gene comprising a sequence of nucleotides that 
encodes a naturally occurring CEA protein, including proteins of human origin or proteins obtained 
from another organism, including, but not limited to, other mammals such as rat, mouse and rhesus 
monkey. The nucleotide sequence of the human CEA gene is available in the art (supra). See also 
10 Beauchemin et al., Mol Cell Biol 7:3221-3230 (1987); Zimmerman et al., Proc. Natl Acad. Set 

USA 84:920-924 (1987); and Thompson et al. Proc. Natl. Acad. Set USA 84(9):2965-69 (1987). The 
nucleotide sequence of the wild-type rhesus monkey gene is shown in FIGURES 7C-7D. 

The term "mammalian" refers to any mammal, including a human being. 

The abbreviation "Ag" refers to an antigen. 
15 The abbreviations "Ab" and "mAb" refer to an antibody and a monoclonal antibody, 

respectively. 

The abbreviation "ORF" refers to the open reading frame of a gene. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIGURE 1 shows a schematic representation of the vectors developed in this study. 

The essential features of the plasmid and Ad vectors encoding the CEA-LTA and CEA-LTB fusions 

are indicated. The inverted terminal repeats (ITR) of the Ad5 genome are also shown. 

FIGURE 2 shows the nucleotide (SEQ ID NO:7, Panel A) and amino acid sequence 

(SEQ ID NO:8, Panel B) of an exemplary hCEA-LTA fusion. The LTA nucleotide sequence is 
25 shown in bold. 

FIGURE 3 shows the nucleotide (SEQ ID NO: 9, Panel A) and amino acid sequence 
(SEQ ID NO: 10, Panel B) of an exemplary hCEA-LTB fusion. The LTB nucleotide sequence is 
shown in bold. 

FIGURE 4 shows the nucleotide sequence of an exemplary hCEAopt-LTB fusion 
30 (SEQ ID NO: 1 1). The LTB nucleotide sequence is shown in bold. 

FIGURE 5 shows the nucleotide (SEQ ID NO: 12, Panel A) and amino acid sequence 
(SEQ ID NO: 13, Panel B) of an exemplary fully optimized hCEA-LTB fusion, designated herein 
hCEAopt-LTBopt. The LTB nucleotide and amino acid sequences are shown in bold. Junction 
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sequences, created by the cloning strategy employed to fuse the CEA and LTB sequences are 
underlined. 

FIGURE 6 shows the nucleotide (SEQ ID NO: 14, Panel A) and amino acid sequence 
(SEQ ID NO: 15, Panel B) of a fully optimized rhesus monkey CEA-LTB fusion, designated herein 
5 rhCEAoptLTBopt. LTB nucleotide and amino acid sequences are shown in bold. Junction 
sequences, created by the cloning strategy employed to fuse the CEA and LTB sequences, are 
underlined. 

FIGURE 7 shows nucleotide sequences of wild-type genes encoding rhesus monkey 
CEA (Panels A and B, SEQ ID NOs: 16 and 17) and the amino acid sequences of the corresponding 

10 proteins (Panels C and D, SEQ ID NOs: 18 and 19), as previously described (U.S.S.N. 60/447,203). 
Panel E shows the amino acid sequence of wild-type human CEA (SEQ ID NO:20), which was 
previously described (see, e.g., U.S. Patent No. 5,274,087). 

FIGURE 8 shows a comparison of CEA expression efficiency in cells transfected 
with different CEA constructs. Panel A depicts the expression efficiencies of HeLa cells transfected 

15 with 3 |big of plasmids carrying the wild type sequences of hCEA, hCEA-LTA, and hCEA-LTB, in 
conjunction with 0.2 jig of plasmid pVU/mEPO as tracer. Panel B shows results from a similar 
transfection experiment using pVU/hCEAopt and pVU/hCEAopt-LTB. Expression efficiency was 
determined three days post-transfection by measuring the amount of CEA protein present in cell 
extracts and by normalizing this value for EPO expression. Data shown relates to the average CEA 

20 expression values of two independent transfections. 

FIGURE 9 shows a comparison of the expression efficiency of different Adenovirus 
recombinant vectors expressing CEA. HeLa cells were infected at an moi of 100 and 1000 with 
Ad/hCEAopt and Ad/hCEAopt-LTB. Expression efficiency was determined by measuring three days 
post infection the amount of CEA protein released in cell extracts. Data shown reflects the average 

25 CEA expression values of two independent infections. 

FIGURE 10 shows an analysis of the cell mediated immune response elicited by 
different plasmid vectors encoding human CEA. Three groups of C57BL/6 mice were electroinjected 
intramuscularly with 50jLLg of the indicated plasmid (CEA, CEA-LTA fusion or CEA-LTB fusion) at 0 
and 3 weeks. A fourth group of mice was immunized with a mixture of 25 fig of pVl J/hCEA-LTA 

30 and 25 jig of pVU/hCEA-LTB. Panel A. Two weeks post boost, the number of IFNy-secreting T 
cells specific for CEA was determined by ELISPOT assay on splenocytes from individual mice 
(empty circles) using peptide pools that encompass the entire protein. Geometric mean values (filled 
diamonds) are also indicated. Panel B depicts results of IFNy intracellular staining of pooled 
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splenocytes from immunized mice using peptide pool D. The nonspecific IFNy production (DMSO) 
is shown for each group. 

FIGURE 11 shows antibody titers from mice immunized with plasmid DNA vectors 
encoding CEA. Individual titers against purified human CEA protein were measured by ELISA on 
5 serum from individual mice immunized with plasmids pVU/hCEA, pVl J/hCEA-LTA and 
pVU/hCEA-LTB. Average values are also shown (filled diamonds). 

FIGURE 12 shows an analysis of the cell mediated immune response elicited by 
different plasmid vectors encoding CEA. Groups of 4 BALB/c mice were electroinjected with the 
indicated plasmid as indicated above (FIGURE 4). Two weeks after the last injection, the number of 
10 IFNy secreting T cells specific for CEA was determined by ELISPOT assay on splenocytes from 

individual mice (empty circles) using peptide pools that encompass the entire protein. Average values 
(filled diamonds) are also indicated. 

FIGURE 13 shows an analysis of the CEA-specific CD8 + T cell response elicited by 
different plasmid vectors encoding CEA. C57/DR4 mice were electroinjected with the indicated 
15 plasmid as described above (see FIGURE 4). Two weeks after the last injection, IFNy intracellular 
staining of pooled splenocytes from immunized mice was performed using peptide pool D. The 
nonspecific IFNy production (DMSO) is shown for each group. 

FIGURE 14 shows an analysis of CEA-specific CD8 + T cell response elicited by 
different plasmid vectors encoding CEA. HHD mice were electroinjected with the indicated plasmid 
20 as described above (see FIGURE 4). Two weeks after the last injection, IFNy intracellular staining of 
pooled splenocytes from immunized mice was performed using peptide pools B and D. The 
nonspecific IFNy production (DMSO) is shown for each group. 

FIGURE 15 shows the cell-mediated and humoral immune response of CEA 
transgenic mice (N=9) immunized with 5 weekly electroinjections of the indicated plasmids. A total 
25 amount of 50 (xg of plasmid DNA was injected i.m. at each vaccination. Panel A. Two weeks after 
the last injection, the number of IFNy secreting T cells specific for CEA was determined by 
intracellular staining on splenocytes from individual mice (circles) using peptide pool D. Geometric 
mean values (triangles) are also indicated. Panel B. Individual titers against purified human CEA 
protein were measured by ELISA on each serum from mice immunized with plasmids pVl J/hCEAopt 
30 andpVlJ/hCEA-LTB. Geometric mean values are also shown (filled diamonds). These data indicate 
that the CEA-LTB fusion breaks tolerance to CEA in transgenic mice. 

FIGURE 16 shows an analysis of the CEA-specific CD8 + T cell response elicited by 
different Adenovirus vectors encoding CEA. CEA transgenic mice were immunized with different 
doses of Ad/hCEAopt and Ad/CEAopt-LTB at 0 and 2 weeks. Two weeks after the last injection, 
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IFNy intracellular staining of PBMC from each immunized mouse was performed using peptide pool 
D (filled circles). Geometric mean values are also shown (filled diamonds). The nonspecific IFNy 
production (DMSO) of each injected group was less or equal to 0.01%. 

FIGURE 17 shows the results of tumor protection studies of immunized CEA 
5 transgenic mice challenged with MC38-CEA cells. Groups of 10 CEA transgenic mice were 

immunized with 5 weekly electroinjections of the indicated plasmid DNA (50 jLig/injection). Two 
weeks after the last DNA injection, mice were boosted with a single injection of 1x10*0 v p of the 
corresponding Ad vector. Fourteen days after the Adenovirus boost, mice were challenged with a 
subcutaneous injection of 5x10^ MC38-CEA cells. Panel A shows the percentage of tumor free mice 

10 at the indicated timepoint. Panel B reports the average tumor volumes of each immunized group. 
These data demonstrate that immunization of CEA transgenic mice with CEA-LTB protects mice 
from tumor development 

FIGURE 18. Panel A shows a schematic representation of representative CEA fusion 
proteins used in this study. Vectors expressing the CEA fusion proteins were derived from plasmid 

15 pVl Jns as described in EXAMPLE 2. The constructs comprise a CEA nucleotide sequence from nt 1 
to nt 2037 with a net deletion of 64 aa corresponding to the GPI anchoring sequence and express CEA 
from aa 1 to aa 679. The sequence coordinates of each protein fused to CEA are also indicated. 
Panel B shows expression of pVU-derived constructs in transfected cells. HeLa cells were 
transfected with plasmids pVU/CEA-VSV-G, pVU/CEA-FdgG, pVU/CEA-DOM, pVU/CEA- 

20 HSP70, pVU/CEA-LAMP, or pVU/CEA and processed for Western blot analysis as described in 
EXAMPLE 5. The specificity of the antibody used for Western blot is indicated. The CEA protein is 
indicated (black arrow). The positions of molecular size standards (in kilodaltons) are also shown. 

FIGURE 19 shows a comparison of expression efficiency of the CEA fusion 
constructs. HeLa cells were transfected with the indicated plasmids and CEA derived protein present 

25 in cell lysates (A) and supernatants (B) was measured by ELISA as described in EXAMPLE 8. 
Results obtained are representative of two independent experiments. 

FIGURE 20 shows a comparison of immunogenicity of different constructs encoding 
CEA fusion proteins. C57BL/6 mice were electroporated intramuscularly with a 5 or 50 jig/dose of 
the indicated plasmids. Injections were carried out at days 0 and 14. Panel A The number of EFNy- 

30 secreting T cells in PBMC in each individual mouse was determined using a pool of peptides 
covering aa 497-703 (pool D) as described in EXAMPLES 6 and 15. Average number of IFNy- 
secreting T cells are also shown (filled circles). SFC values of the pVU/CEA-DOM, and pVU/CEA- 
FcIgG are significantly different from those of pVU/CEA. Panel B. Antibody titer was measured by 
ELISA using purified CEA as substrate. Average values of each cohort immunized with 50 jug dose 
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of the indicated plasmid are shown. Titers that are significantly different from those of mice injected 
with pVU/CEA are indicated with an asterisk. 

FIGURE 21 shows the induction of CEA-specific immune responses in CEA 
transgenic mice. Groups of 12 CEA transgenic mice were immunized with plasmid DNA (50 ng/dose 
5 electroinjected in the quadriceps muscle) or Adenovirus vectors (109 vp/dose) carrying the codon 
usage optimized cDNA of CEA, CEA-DOM or CEA-FcIgG. CEA-specific CD8 + T cells elicited by 
the DNA/DNA (A) and Ad/Ad (C) immunization regimen were measured by intracellular IFNy 
staining on PBMC of each immunized mouse. The average values for each cohort are also shown 
(filled circle). The CEA-DOM and CEA-FcIgG cohorts immunized with DNA/DNA and Ad/Ad 

10 regimens were significantly different from the CEA vaccinated group. CEA-specific antibody titers 
of each individual mouse vaccinated with the DNA/DNA (B) or Ad/Ad (D) immunization regimen 
were measured by ELISA. Titers elicited by CEA-DOM and CEA-FcIgG vectors were significantly 
different from those elicited by CEA. 

FIGURE 22 shows the immunogenicity of the DNA/Ad regimen. Groups of 12 CEA 

15 transgenic mice were immunized with plasmid DNA (50 |JLg/dose) and Adenovirus vectors (10 9 
vp/dose) carrying the codon usage optimized cDNA of CEA, CEA-DOM or CEA-FcIgG. CEA- 
specific CD8 + T cells were measured by intracellular IFNy staining on PBMC of each immunized 
mouse (A). The average values for each cohort are also shown (filled circle). The CEA-DOM and 
CEA-FcIgG cohorts were significantly different from the CEA vaccinated group. CEA-specific 

20 antibody titers of each individual mouse were measured by ELISA (B). Titers elicited by CEA-DOM 
and CEA-FcIgG vectors were significantly different from those elicited by CEA. Average values are 
shown (filled circles). 

FIGURE 23 shows the detection of CD4* T cell response to tetanus toxoid protein. 
CEA transgenic mice were immunized with pVU/CEA-DOMopt as described in EXAMPLE 16. 

25 IFNy intracellular staining on pooled PBMC from immunized mice was performed with peptide p30. 
Whole lymphocyte gating and gating for CD8* (R3) and CD4 + T cells (R4) are shown. 

FIGURE 24 shows the antitumor effect of vaccination with vectors carrying codon 
optimized cDNA of CEA, CEA-DOM or CEA-FcIgG. Groups of 10 CEA transgenic mice were 
immunized were with DNA/DNA (A), Ad/Ad (B) and DNA/Ad (C) vaccination regimens using 

30 plasmid DNA and Ad vectors carrying the codon usage optimized cDNAs of CEA, CEA-DOM or 
CEA-FcIgG, as described in EXAMPLE 18. Two weeks after the last injection, mice were 
challenged with sc inoculation of 5x10^ MC38-CEA tumor cells. Percentage of tumor free mice in 
the vaccinated groups was determined at weekly intervals and compared to that of untreated controls. 
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Mice vaccinated with CEA-DOM vectors (DNA/Ad modality) was significantly different from 
control mice (log rank test p<0.05). 

FIGURE 25 shows the effect of CD4, CD8, or NK depletion on the induction of anti- 
tumor effect induced by CEA-DOM DNA/Ad immunization. CEA transgenic mice were immunized 
5 with repeated weekly injections of 50 jug of pVU/CEA-DOMopt followed by a boost with 1x10^ vp 
of Ad-CEA-DOMopt (EXAMPLE 19). One week after the last injection, mice were either not 
depleted, or were depleted of CD4 + T cells, CD8 4 * T cells, or NK cells. Two weeks after the last 
immunization, mice were challenged with sc inoculation of 5x10^ MC38-CEA tumor cells. 
Percentage of tumor free mice in the vaccinated groups was determined at weekly intervals and 
10 compared to that of untreated controls. The data indicate that the percentage of tumor-free mice in 
the vaccinated group was significantly different from untreated controls and depleted cohorts. 

FIGURE 26 shows the nucleotide sequence (SEQ ID NO:21) of an exemplary, fully 
optimized hCEA-DOM fusion, herein designated hCEAoptDOMopt. The amino acid sequence of the 
encoded protein is also shown (SEQ ID NO:45). The CEA portion of the nucleotide sequence of this 
15 particular CEA fusion consists of nucleotides 1 to 2037, which are codon-optimized for high-level 
expression in a human host cell. The DOM portion of the nucleotide sequence is shown in bold and 
is also codon-optimized for high-level expression in human cells. Junction sequences, created by the 
cloning strategy employed to fuse the CEA and LTB sequences are underlined. 

FIGURE 27 shows an exemplary nucleotide (SEQ ID NO:25) sequence of a hCEA- 
20 FcIgGopt fusion, herein designated hCEAoptFcIgGopt. The sequence of the encoded protein (SEQ 
ID NO:46) is also shown. The CEA portion of the nucleotide sequence of this particular CEA fusion 
consists of nucleotides 1 to 2037, which are codon-optimized for high-level expression in a human 
host cell. The FcIgG portion of the nucleotide sequence, which is also codon-optimized for high- 
level expression in human cells, is shown in bold. Junction sequences, created by the cloning strategy 
25 employed to fuse the CEA and LTB sequences are underlined. 

FIGURE 28 shows the nucleotide sequence of a portion of the wild-type human CEA 
cDNA from nt 1 to nt 2037 (SEQ ID NO:22, Panel A), encoding a portion of the hCEA protein from 
aa 1 to aa 679 (SEQ ID NO:23, Panel B). 

FIGURE 29 shows the non-optimized nucleotide sequence of the minimized domain 
30 of tetanus toxin fragment C (DOM) cDNA from nt 1 to nt 825 (SEQ ID NO:47), encoding the DOM 
protein, also shown (SEQ ID NO:48). 

FIGURE 30 shows the non-optimized nucleotide sequence of an exemplary human 
CEA-DOM fusion (SEQ ID NO:49). The CEA portion of the nucleotide sequence of this particular 
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CEA fusion consists of nucleotides 1 to 2037. The DOM portion of the nucleotide sequence is shown 
in bold. 

FIGURE 31 shows an exemplary nucleotide sequence (SEQ ID NO: 50) of a rhesus 
monkey CEA-DOM fusion, herein designated rhCEA-DOMopt. The sequence of the encoded fusion 
5 protein (SEQ ID NO:51) is also shown. The CEA portion of the nucleotide sequence of this 

particular CEA fusion consists of nucleotides 1 to 2037, which are codon-optimized for high-level 
expression in a human host cell. The DOM portion of the nucleotide sequence, which is also codon- 
optimized for high-level expression in human cells, is shown in bold. 

FIGURE 32 shows an exemplary nucleotide sequence (SEQ ID NO:52) of a rhesus 
10 monkey CEA- CTB fusion, herein designated rhCEA-CTBopt. The sequence of the encoded fusion 
protein (SEQ ID NO:53) is also shown. The CEA portion of the nucleotide sequence of this 
particular CEA fusion consists of nucleotides 1 to 2037, which are codon-optimized for high-level 
expression in a human host cell. The CTB portion of the nucleotide sequence, which is also codon- 
optimized for high-level expression in human cells, is shown in bold. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

Carcinoembryonic antigen (CEA) is commonly associated with the development of 
adenocarcinomas. The present invention relates to compositions and methods to elicit or enhance 
immunity to the protein product expressed by the CEA tumor-associated antigen, wherein aberrant 

20 CEA expression is associated with the carcinoma or its development. Association of aberrant CEA 
expression with a carcinoma does not require that the CEA protein be expressed in tumor tissue at all 
timepoints of its development, as abnormal CEA expression may be present at tumor initiation and 
not be detectable late into tumor progression or vice-versa. 

To this end, the present invention provides polynucleotides, vectors, host cells, and 

25 encoded proteins comprising a CEA sequence or variant thereof for use in vaccines and 

pharmaceutical compositions for the treatment and/or prevention of a cancer. The polynucleotides of 
the present invention comprise a nucleotide sequence encoding a CEA protein or variant thereof, 
fused to a nucleotide sequence encoding at least a subunit of an immunoenhancing element, such as a 
bacterial enterotoxin or substantial portion thereof, which can effectively adjuvant an immune 

30 response to the associated CEA. 

The CEA nucleotide sequences of the present invention can be of human origin or 
can be a CEA homolog from another species. The wild-type human CEA nucleotide sequence has 
been reported {see, e.g., U.S. Patent No. 5,274,087; U.S. Patent No 5,571,710; and U.S. Patent No 
5,843,761). The rhesus monkey CEA sequence was recently described (WO 2004/072287). The 
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CEA portion of the CEA fusion may be full-length, or any variant sufficient to elicit a CEA-specific 
immune response in a mammal. CEA variants of the present invention include, but are not limited to 
sequences that are C- or N-terminally truncated, sequences with conservative substitutions, and 
sequences with internal deletions or insertions. 
5 In preferred embodiments of the present invention, the CEA portion of the CEA 

fusion is human CEA or a functional equivalent thereof. In other preferred embodiments, the CEA 
portion is a rhesus monkey CEA, or functional equivalent thereof. 

Accordingly, the present invention relates to a synthetic polynucleotide comprising a 
sequence of nucleotides encoding a CEA fusion protein, said fusion protein comprising a CEA 

10 protein or a biologically active fragment or mutant form of a CEA protein fused to an 

immunoenhancing element or subunit thereof, which can effectively enhance the immune response to 
the CEA protein. Said mutant forms of the CEA protein include, but are not limited to: conservative 
amino acid substitutions, amino-terminal truncations, carboxy-terminal truncations, deletions, or 
additions. Any such biologically active fragment and/or mutant will encode either a protein or protein 

15 fragment which at least substantially mimics the immunological properties of the CEA protein as set 
forth in SEQ ID NO: 20. The synthetic polynucleotides of the present invention encode mRNA 
molecules that express a functional CEA fusion protein so as to be useful in the development of a 
therapeutic or prophylactic cancer vaccine. 

In preferred embodiments of the present invention, the CEA portion of the encoded 

20 CEA fusion protein is human CEA (SEQ ID NO: 20) or a functional equivalent thereof, for example, 
a human CEA deleted of its C-terminal anchoring domain (AD) (SEQ ID NO: 23) , which is located 
from about amino acid 679 to about amino acid 702 of the human full-length CEA. While not being 
bound by theory, deletion of the anchoring domain increases secretion of the CEA fusion protein, 
thereby enhancing cross priming of the CEA-LTB immune response. In other preferred embodiments, 

25 the CEA portion is a rhesus monkey CEA (SEQ ID NOs: 18 and 19), or functional equivalent thereof. 

The immunoenhancing element portion of the CEA fusion proteins of the present 
invention are capable of stimulating or enhancing the immune response to the associated CEA protein 
and are selected from the group consisting of: heat shock protein (HSP) 70, lysosome-associated 
membrane protein (LAMP), fragment C of tetanus toxoid (FrC), the N-terminal domain of FrC 

30 (DOM), the heavy fragment of constant chain of immune globulin Gl (FcIgG), the vesicular 

stomatitis virus glycoprotein (VSV-G), cholera toxin (CT) from Vibrio cholerae, and heat labile 
enterotoxin of Kcoli (LT). In preferred embodiments of the present invention, the adjuvant portion of 
the CEA fusion comprises the N-terminal domain of FrC (DOM), which has been shown to strongly 
potentiate the immunogenicity of codelivered antigens. In further preferred embodiments, the 
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adjuvant portion of the CEA fusion comprises a subunit of LT, or substantial portion thereof. In still 
further preferred embodiments, the adjuvant portion of the CEA fusion is a substantial portion of 
FcIgG. 

A CEA fusion comprising a truncated human CEA fused to a single epitope of 
5 tetanus toxin (Q830 - L844) has been described (Lund et al. Cancer Gene Therapy 10: 365-376 
(2003)). Unlike this single-epitope fusion, the CEA fusions of the present invention comprise a 
substantial portion of an immunoenhancing element or subunit thereof, as described above, which is 
capable of enhancing the immunogenicity of a CEA protein or variant thereof. A substantial portion 
of an immunoenhancing element to be used for the compositions and methods described herein does 

10 not include portions that are less than 50% of a full-length toxin subunit. The strategy used herein, 
which utilizes full-length adjuvant subunits or substantial portions thereof, was employed to ensure a 
greater immune response to the fused CEA sequence. While not being bound by theory, it is believed 
that if the bacterial toxin chosen as adjuvant comprises greater than one helper epitope, limiting the 
toxin sequence of the fusion protein to a single epitope would arguably lead to a reduced effect on the 

15 immunogenicity of the target protein. Additionally, it is believed that if the adjuvant-mediated 

enhancement of the immune response is dependent on the interaction of the adjuvant with specific 
cell receptors and not based on a universal epitope, then the receptor interaction could depend on a 
specific structural configuration that would require a substantial portion of the immunoenhancing 
element to exert an adjuvant effect. In such a case, a short adjuvant sequence comprising a single 

20 epitope would be insufficient in mediating an increase of the immune response. 

Also contemplated for use in the present invention are nucleotide sequences encoding 
variants or mutants of the immunoenhancing elements described herein, including but not necessarily 
limited to: nucleotide substitutions, deletions, additions, amino-temiinal truncations and carboxy- 
terminal truncations. In some cases, it may be advantageous to add specific point mutations to the 

25 nucleotide sequence encoding the adjuvant or subunit thereof to reduce or eliminate toxicity of the 
encoded protein. In exemplary embodiments of this aspect of the present invention, an LT subunit is 
fused to the CEA sequence of the CEA fusion, wherein the LT subunit is truncated of its signal 
sequence. While not being bound by theory, deletion of the toxin signal sequence, e.g. the LTB 
signal sequence, ensures that posttranslational processing of the CEA fusion is driven by the CEA 

30 signal sequence. 

The immunoenhancing element, subunit, or substantial portion thereof may be fused 
to the amino terminus or the carboxy terminus of the CEA sequence. Further, the immunoenhancing 
element sequence and the CEA sequence can be fused N-terminus to N-terminus, C-terminus to C- 
terminus, C-terminus to N-terminus or N-terminus to N-terminus. In preferred embodiments of the 
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present invention, the C-terminus of the CEA polypeptide is fused to the N-terminus of the 
immunoenhancing element. 

The present invention relates to a synthetic nucleic acid molecule (polynucleotide) 
comprising a sequence of nucleotides which encodes mRNA that expresses a novel CEA fusion 
5 protein; for example, nucleotide sequences encoding the fusion proteins as set forth in SEQ ID 
NOs:8, 10, 13, 15, 45, 46, 51 and 53. The nucleic acid molecules of the present invention are 
substantially free from other nucleic acids. 

The present invention also relates to recombinant vectors and recombinant host cells, 
both prokaxyotic and eukaryotic, which contain the nucleic acid molecules disclosed throughout this 

10 specification. The synthetic DNA molecules, associated vectors, and hosts of the present invention 
are useful for the development of a cancer vaccine. 

Exemplary nucleic acid molecules of the present invention comprise a nucleotide 
sequence selected from the group consisting of: SEQ ID NOs: 7, 9, 1 1, 12, 14, 21, 25, 49, 50, and 52, 
as shown in FIGURES 2-6, 26-27, 30-32, which encode exemplary CEA-LTA, CEA-LTB, CEA- 

15 DOM, CEA-FcIgG, and CEA-CTB fusion proteins of the present invention. 

The present invention also includes biologically active fragments or mutants of SEQ 
ID NOs: 7, 9, 11, 12, 14, 21, 25, 49, 50, and 52, which encode mRNA expressing exemplary CEA 
fusion proteins. Any such biologically active fragment and/or mutant will encode either a protein or 
protein fragment which at least substantially mimics the pharmacological properties of the hCEA 

20 protein, including but not limited to the hCEA protein as set forth in SEQ ID NO:20. Any such 

polynucleotide includes but is not necessarily limited to: nucleotide substitutions, deletions, additions, 
amino-ternrinal truncations and carboxy-terminal truncations. The mutations of the present invention 
encode mRNA molecules that express a functional CEA fusion protein in a eukaryotic cell so as to be 
useful in cancer vaccine development. 

25 Also included within the scope of this invention are mutations in the DNA sequence 

that do not substantially alter the ultimate physical properties of the expressed protein. For example, 
substitution of valine for leucine, arginine for lysine, or asparagine for glutamine may not cause a 
change in the functionality of the polypeptide. 

As stated above, the present invention further relates to recombinant vectors that 

30 comprise the nucleic acid molecules disclosed throughout this specification. These vectors may be 
comprised of DNA or RNA. For most cloning purposes, DNA vectors are preferred. Typical vectors 
include plasmids, modified viruses, baculovirus, bacteriophage, cosmids, yeast artificial 
chromosomes, and other forms of episomal or integrated DNA that can encode a CEA fusion protein. 
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It is well within the purview of the skilled artisan to determine an appropriate vector for a particular 
gene transfer or other use. 

Also provided by the present invention are purified CEA fusion proteins encoded by 
the nucleic acids disclosed throughout this specification. In exemplary embodiments of this aspect of 
5 the invention, the CEA fusion protein comprises a sequence of amino acids selected from the group 
consisting of: SEQ ID NOs: 8, 10, 13, 15, 45, 46, 51 and 53. 

Included in the present invention are DNA sequences that hybridize to SEQ ID NOs: 
7, 9, 11, 12, 14, 21, 25, 49, 50, or 52 under stringent conditions. By way of example, and not 
limitation, a procedure using conditions of high stringency is as follows. Prehybridization of filters 

10 containing DNA is carried out for about 2 hours to overnight at about 65°C in buffer composed of 6x 
SSC, 5x Denhardt's solution, and 100 jxg/ml denatured salmon sperm DNA. Filters are hybridized for 
about 12 to 48 hrs at 65°C in prehybridization mixture containing 100 fig/ml denatured salmon sperm 
DNA and 5-20 x 106 cpm of 32p-i a beled probe. Washing of filters is done at 37°C for about 1 hour 
in a solution containing 2x SSC, 0.1% SDS. This is followed by a wash in O.lx SSC, 0.1% SDS at 50 

15 °C for 45 minutes before autoradiography. Other procedures using conditions of high stringency 
would include either a hybridization step carried out in 5x SSC, 5x Denhardt's solution, 50% 
formamide at about 42°C for about 12 to 48 hours or a washing step carried out in 0.2x SSPE, 0.2% 
SDS at about 65°C for about 30 to 60 minutes. Reagents mentioned in the foregoing procedures for 
carrying out high stringency hybridization are well known in the art. Details of the composition of 

20 these reagents can be found in Sambrook et al., Molecular Cloning: A Laboratory Manual 2 nd Edition; 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, (1989) or Sambrook and 
Russell, Molecular Cloning: A Laboratory Manual, 3rd Edition. Cold Spring Harbor Laboratory 
Press, Plainview, NY (2001). Ih addition to the foregoing, other conditions of high stringency which 
may be used are also well known in the art. 

25 An expression vector containing a CEA fusion protein-encoding nucleic acid 

molecule may be used for high-level expression of CEA fusion protein in a recombinant host cell. 
Expression vectors may include, but are not limited to, cloning vectors, modified cloning vectors, 
specifically designed plasmids or viruses. Also, a variety of bacterial expression vectors may be used 
to express recombinant CEA fusion sequences in bacterial cells if desired. In addition, a variety of 

30 fungal cell expression vectors may be used to express recombinant CEA fusion sequences in fungal 
cells. Further, a variety of insect cell expression vectors may be used to express recombinant protein 
in insect cells. 

The present invention also relates to host cells transformed or transfected with 
vectors comprising the nucleic acid molecules of the present invention. Recombinant host cells may 
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be prokaryotic or eukaryotic, including but not limited to, bacteria such as E. coli, fungal cells such as 
yeast, mammalian cells including, but not limited to, cell lines of bovine, porcine, monkey and rodent 
origin; and insect cells including but not limited to Drosophila and silkworm derived cell lines. Such 
recombinant host cells can be cultured under suitable conditions to produce a CEA fusion protein or a 
5 biologically equivalent form. In a preferred embodiment of the present invention, the host cell is 
human. As defined herein, the term "host cell" is not intended to include a host cell in the body of a 
transgenic human being, human fetus, or human embryo. 

As noted above, an expression vector containing DNA encoding a CEA fusion 
protein may be used for expression of CEA fusion protein in a recombinant host cell. Therefore, 

10 another aspect of this invention is a process for expressing a CEA fusion protein in a recombinant 
host cell, comprising: (a) introducing a vector comprising a nucleic acid comprising a sequence of 
nucleotides that encodes a CEA fusion protein into a suitable human host cell, wherein the CEA 
fusion protein comprises a CEA protein or variant thereof, fused to a substantial portion of an 
immunoenhancing element or subunit thereof, wherein the immunoenhancing element or subunit 

15 thereof is selected from the group consisting of: heat shock protein (HSP) 70, lysosome-associated 
membrane protein (LAMP), fragment C of tetanus toxoid (FrC), the N-terminal domain of FrC 
(DOM), the heavy fragment of constant chain of immune globulin Gl (FcIgG), the vesicular 
stomatitis virus glycoprotein (VSV-G), cholera toxin (CT) from Vibrio cholerae, and heat labile 
enterotoxin of E.coli (LT); and wherein the fusion protein is capable of producing an immune 

20 response in a mammal; and, (b) culturing the host cell under conditions which allow expression of 
said CEA fusion protein. 

Preferred immunoenhancing elements for use in this aspect of the invention are 
selected from the group consisting of: LTB, LTA, DOM, and FcIgG. 

In a further preferred embodiment of this aspect of the invention, the nucleotide 

25 sequence of the CEA portion of the fusion and/or the immunoenhancing element portion of the fusion 
are codon-optimized for high-level expression in human cells. 

This invention also provides a process for expressing a CEA-LT fusion protein in a 
recombinant host cell, comprising: (a) introducing a vector comprising a nucleic acid comprising a 
sequence of nucleotides that encodes a CEA-LT fusion protein into a suitable human host cell, 

30 wherein the CEA fusion protein comprises a CEA protein or variant thereof, fused to a substantial 

portion of an LT subunit, and wherein the fusion protein is capable of producing an immune response 
in a mammal; and, (b) culturing the host cell under conditions which allow expression of said CEA- 
LT fusion protein. 
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In preferred embodiments of the process for expressing a CEA-LT fusion protein 
described above, the LT subunit is a substantial portion of LTB, wherein the LTB sequence is deleted 
of its signal sequence. In other embodiments, the LT subunit is LTA, or a substantial portion thereof. 

This invention also provides a process for expressing a CEA-DOM fusion protein in a 
5 recombinant host cell, comprising: (a) introducing a vector comprising a nucleic acid comprising a 
sequence of nucleotides that encodes a CEA-DOM fusion protein into a suitable human host cell, 
wherein the CEA fusion protein comprises a CEA protein or variant thereof, fused to a substantial 
portion of the N-terminal domain of fragment C of tetanus toxin (DOM), and wherein the fusion 
protein is capable of producing an immune response in a mammal; and, (b) culturing the host cell 

10 under conditions which allow expression of said CEA-DOM fusion protein. 

In preferred embodiments of the process for expressing a CEA-DOM fusion protein 
described above, the DOM portion is codon-optimized for high-level expression in human cells. In 
other preferred embodiments, the CEA portion of the CEA fusion is codon-optimized for high-level 
expression in human cells. In still further preferred embodiments, both the CEA and the DOM 

15 portions are codon-optimized for high-level expression in human cells. 

Following expression of a CEA fusion in a host cell, CEA fusion protein may be 
recovered to provide CEA fusion protein in active form. Several protein purification procedures are 
available and suitable for use. Recombinant protein may be purified from cell lysates and extracts by 
various combinations of, or individual application of salt fractionation, ion exchange chromatography, 

20 size exclusion chromatography, hydroxylapatite adsorption chromatography and hydrophobic 

interaction chromatography. In addition, recombinant CEA fusion protein can be separated from 
other cellular proteins by use of an immunoaffinity column made with monoclonal or polyclonal 
antibodies specific for a CEA protein, or polypeptide fragments of a CEA protein. 

The nucleic acid molecules comprising CEA fusions and the encoded fusion proteins 

25 of this invention were designed to enhance the CEA-specific immune response, relative to full-length 
cDNA encoding CEA, for use in vaccine development. To further enhance the immunogenic 
properties of the CEA fusion sequences of the present invention, in some embodiments described 
herein, the polynucleotides encoding CEA fusion proteins comprise optimized codons for further high 
level expression in a host cell, as described below. In these embodiments, at least a portion of the 

30 codons of the CEA fusions are designed so as to use the codons preferred by the projected host cell, 
which in preferred embodiments is a human cell. The optimized CEA fusions may be used for the 
development of recombinant adenovirus or plasmid-based DNA vaccines, which provide effective 
immunoprophylaxis against CEA-associated cancer through neutralizing antibody and cell-mediated 
immunity. The synthetic molecules may be used as an immunogenic composition. This invention 
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provides codon-optimized CEA fusion polynucleotides which, when directly introduced into a 
vertebrate in vivo, including mammals such as primates and humans, induce the expression of 
encoded proteins within the animal. 

As stated above, in some embodiments of the present invention, the synthetic 
5 molecules comprise a sequence of nucleotides, wherein some of the nucleotides have been altered so 
as to use the codons preferred by a human cell, thus allowing for high-level fusion protein expression 
in a human host cell. The synthetic molecules may be used as a source of a CEA fusion protein, for 
example, CEA-LTB fusion protein, which may be used in a cancer vaccine to provide effective 
irnmunoprophylaxis against CEA-associated carcinomas through neutralizing antibody and cell- 

10 mediated immunity. The nucleic acid molecules disclosed herein may also serve as the basis for a 
DNA-based cancer vaccine. 

A "triplet" codon of four possible nucleotide bases can exist in over 60 variant forms. 
Because these codons provide the message for only 20 different amino acids (as well as transcription 
initiation and termination), some amino acids can be coded for by more than one codon, a 

15 phenomenon known as codon redundancy. For reasons not completely understood, alternative codons 
are not uniformly present in the endogenous DNA of differing types of cells. Indeed, there appears to 
exist a variable natural hierarchy or "preference" for certain codons in certain types of cells. As one 
example, the amino acid leucine is specified by any of six DNA codons including CTA, CTC, CTG, 
CTT, TTA, and TTG. Exhaustive analysis of genome codon frequencies for microorganisms has 

20 revealed endogenous DNA of E. coli most commonly contains the CTG leucine-specifying codon, 

while the DNA of yeasts and slime molds most commonly includes a TTA leucine-specifying codon. 
In view of this hierarchy, it is generally believed that the likelihood of obtaining high levels of 
expression of a leucine-rich polypeptide by an E. coli host will depend to some extent on the 
frequency of codon use. For example, it is likely that a gene rich in TTA codons will be poorly 

25 expressed in E. coli, whereas a CTG rich gene will probably be highly expressed in this host. 

Similarly, a preferred codon for expression of a leucine-rich polypeptide in yeast host cells would be 
TTA. 

The implications of codon preference phenomena on recombinant DNA techniques 
are manifest, and the phenomenon may serve to explain many prior failures to achieve high 
30 expression levels of exogenous genes in successfully transformed host organisms— a less "preferred" 
codon may be repeatedly present in the inserted gene and the host cell machinery for expression may 
not operate as efficiently. This phenomenon suggests that synthetic genes which have been designed 
to include a projected host cell's preferred codons provide an optimal form of foreign genetic material 
for practice of recombinant DNA techniques. Thus, one aspect of this invention is a CEA fusion gene 
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that is codon-optimized for expression in a human cell. In a preferred embodiment of this invention, 
it has been found that the use of alternative codons encoding the same protein sequence may remove 
the constraints on expression of exogenous CEA fusion protein in human cells. 

Li accordance with some embodiments of the present invention, the nucleic acid 
5 molecules which encode the CEA fusion proteins are converted to a polynucleotide sequence having 
an identical translated sequence but with alternative codon usage as described by Lathe, "Synthetic 
Oligonucleotide Probes Deduced from Amino Acid Sequence Data: Theoretical and Practical 
Considerations" J. Molec. Biol 183:1-12 (1985), which is hereby incorporated by reference. The 
methodology generally consists of identifying codons in the wild-type sequence that are not 

10 commonly associated with highly expressed human genes and replacing them with optimal codons for 
high expression in human cells. The new gene sequence is then inspected for undesired sequences 
generated by these codon replacements (e.g., "ATTTA" sequences, inadvertent creation of intron 
splice recognition sites, unwanted restriction enzyme sites, etc.). Undesirable sequences are 
eliminated by substitution of the existing codons with different codons coding for the same amino 

15 acid. The synthetic gene segments are then tested for improved expression. 

The methods described above were used to create synthetic gene sequences which 
encode CEA fusion proteins, resulting in a gene comprising codons optimized for high level 
expression. While the above procedure provides a summary of our methodology for designing codon- 
optimized genes for use in cancer vaccines, it is understood by one skilled in the art that similar 

20 vaccine efficacy or increased expression of genes may be achieved by minor variations in the 
procedure or by minor variations in the sequence. 

One of skill in the art will also recognize that additional nucleic acid molecules may 
be constructed that provide for high levels of CEA fusion expression in human cells, wherein only a 
portion of the codons of the DNA molecules are codon-optimized. For example, in some 

25 embodiments of the present invention, codons comprising the CEA portion of the CEA fusion are 

optimized for high-level expression in human cells, and codons comprising the adjuvant portion of the 
CEA fusion are substantially similar to the wild-type adjuvant-encoding nucleotide sequence . In 
other embodiments of the present invention, codons comprising the adjuvant portion of the CEA 
fusion are optimized for high-level expression in human cells, and codons comprising the CEA 

30 portion of the CEA fusion are substantially similar to a wild-type CEA gene. In still other 

embodiments of the present invention, both the CEA and the adjuvant portions of the CEA fusion are 
codon-optimized for high-level expression in human cells. CEA fusions in which only a subset of 
codons are optimized within the CEA and/or the adjuvant portion of the CEA fusion are also 
contemplated by this invention. 
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The nucleic acids of the present invention may be assembled into an expression 
cassette which comprises sequences designed to provide for efficient expression of the protein in a 
human cell. The cassette preferably contains CEA fusion protein-encoding gene, with related 
transcriptional and translations control sequences operatively linked to it, such as a promoter, and 
5 termination sequences. In a preferred embodiment, the promoter is the cytomegalovirus promoter 
without the intron A sequence (CMV), although those skilled in the art will recognize that any of a 
number of other known promoters such as the strong immunoglobulin, or other eukaryotic gene 
promoters may be used. A preferred transcriptional terminator is the bovine growth hormone 
terminator, although other known transcriptional terminators may also be used. The combination of 

10 CMV-BGH terminator is particularly preferred. 

In accordance with this invention, the CEA fusion expression cassette is inserted into 
a vector. The vector is preferably an adenoviral or plasmid vector, although linear DNA linked to a 
promoter, or other vectors, such as adeno-associated virus or a modified vaccinia virus, retroviral or 
lentiviral vector may also be used. 

15 If the vector chosen is an adenovirus, it is preferred that the vector be a so-called 

first-generation adenoviral vector. These adenoviral vectors are characterized by having a non- 
functional El gene region, and preferably a deleted adenoviral El gene region. In some 
embodiments, the expression cassette is inserted in th& position where the adenoviral El gene is 
normally located. In addition, these vectors optionally have a non-functional or deleted E3 region. It 

20 is preferred that the adenovirus genome used be deleted of both the El and E3 regions (AE1 AE3). 

The adenoviruses can be multiplied in known cell lines which express the viral El gene, such as 293 
cells, or PERC.6 cells, or in cell lines derived from 293 or PERC.6 cell which are transiently or 
stablily transformed to express an extra protein. For examples, when using constructs that have a 
controlled gene expression, such as a tetracycline regulatable promoter system, the cell line may 

25 express components involved in the regulatory system. One example of such a cell line is T-Rex-293; 
others are known in the art. 

For convenience in manipulating the adenoviral vector, the adenovirus may be in a 
shuttle plasmid form. This invention is also directed to a shuttle plasmid vector which comprises a 
plasmid portion and an adenovirus portion, the adenovirus portion comprising an adenoviral genome 

30 which has a deleted El and optional E3 deletion, and has an inserted expression cassette comprising a 
CEA fusion protein encoding nucleotide sequence. In preferred embodiments, there is a restriction 
site flanking the adenoviral portion of the plasmid so that the adenoviral vector can easily be 
removed. The shuttle plasmid may be replicated in prokaryotic cells or eukaryotic cells. 
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In a preferred embodiment of the invention, the expression cassette is inserted into 
the pMRKAd5-HV0 adenovirus plasmid (See Emini et al., WO 02/22080, which is hereby 
incorporated by reference). This plasmid comprises an Ad5 adenoviral genome deleted of the El and 
E3 regions. The design of the pMRKAdS -HV0 plasmid was improved over prior adenovectors by 
5 extending the 5' cis-acting packaging region further into the El gene to incorporate elements found to 
be important in optimizing viral packaging, resulting in enhanced virus amplification. 
Advantageously, this enhanced adenoviral vector is capable of maintaining genetic stability following 
high passage propagation. 

Standard techniques of molecular biology for preparing and purifying DNA 
10 constructs enable the preparation of the adenoviruses, shuttle plasmids, and DNA immunogens of this 
invention. 

It has been determined in accordance with the present invention that the CEA-LT 
fusion protein-encoding molecules described herein (e.g. SEQ ID NO: 12), which comprise a 
substantial portion of the LTA or LTB subunits of E.coli heat labile enterotoxin, are expressed with 

15 equivalent efficiency compared to the corresponding wild type CEA sequence (See EXAMPLE 4). It 
has also been shown herein that plasmids pVU/hCEA-LTA and pVlJ/hCEA-LTB elicited a greater 
antibody response than pVU/hCEA, confirming the adjuvant effect exerted by the LT subunits on the 
CEA specific immune response (See EXAMPLE 11). Thus, the data described herein demonstrate 
that fusion of the CEA coding sequence to the LTA or LTB cDNA results in an increase the CEA 

20 specific immune response. It appears that LTB exerts a greater enhancing effect on the immune 
response with a prevalent induction of CD8 + T cells, whereas LTA elicits a predominant CD4 + 
response. 

It has also been shown in accordance with the present invention that tolerance to the 
CEA self antigen can be broken more efficiently, relative to the full-length wild-type CEA cDNA, due 

25 to the increased immunogenic properties of the CEA-LTB fusion. The enhancing effect of LTB on 
the immunogenic properties of CEA was also observed upon injection of a plasmid carrying a fully 
codon optimized cDNA of the CEA-LTB fusion. Lastly, the results described herein, using 
adenovirus vectors carrying CEA-LT fusions, indicate that that enhanced immunogenicity of CEA-LT 
fusions is not limited to plasmid DNA immunization (see EXAMPLE 13). 

30 It has further been shown in accordance with the present invention that plasmids 

pVU/hCEA-DOM and pVU/hCEA-FcIgG elicited a greater CEA-specific cell-mediated and humoral 
immune response than CEA (See EXAMPLE 15). It has also been shown in accordance with the 
present invention that tolerance to the CEA self antigen can be broken more efficiently with the DOM 
and FcIgG CEA fusions described herein, relative to the full-length wild-type CEA cDNA, due to the 
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increased immunogenic properties of the CEA fusions. The enhanced immunogenic properties of 
these fusion proteins were observed upon immunization with DNA or Ad vectors, indicating that 
enhanced immunogenicity of CEA-LT fusions is not limited to plasmid DNA immunization {see 
EXAMPLE 16). 

5 Therefore, the vectors described above may be used in immunogenic compositions 

and vaccines for preventing the development of adenocarcinomas associated with aberrant CEA 
expression and/or for treating existing cancers. The vectors of the present invention allow for vaccine 
development and commercialization by eliminating difficulties with obtaining high expression levels 
of exogenous CEA in successfully transformed host organisms and by providing a CEA fusion protein 
10 which can elicit an enhanced immune response when administered to a mammal such as a human 
being. 

To this end, one aspect of the instant invention is a method of preventing or treating 
CEA-associated cancer comprising administering to a mammal a vaccine vector comprising a 
polynucleotide comprising a sequence of nucleotides that encodes a CEA fusion protein, wherein the 

15 CEA fusion protein comprises a CEA protein or variant thereof, fused to a substantial portion of an 
immunoenhancing element selected from the group consisting of: heat shock protein (HSP) 70, 
lysosome-associated membrane protein (LAMP), fragment C of tetanus toxoid (FrC), the N-terminal 
domain of FrC (DOM), the heavy fragment of constant chain of immune globulin Gl (FcIgG), the 
vesicular stomatitis virus glycoprotein (VSV-G), cholera toxin (CT) from Vibrio cholerae, and heat 

20 labile enterotoxin of E.coli (LT); and wherein the fusion protein is capable of producing an immune 
response in a mammal. 

In preferred embodiments of the methods described herein, the immunoenhancing 
element is selected from the group consisting of: LTA, LTB, DOM and FcIgG. 

In accordance with the method described above, the vaccine vector may be 

25 administered for the treatment or prevention of a cancer in any mammal, including but not limited to: 
lung cancer, breast cancer, and colorectal cancer. In a preferred embodiment of the invention, the 
mammal is a human. 

Further, one of skill in the art may choose any type of vector for use in the treatment 
and prevention method described. Preferably, the vector is an adenovirus vector or a plasmid vector. 
30 In a preferred embodiment of the invention, the vector is an adenoviral vector comprising an 

adenoviral genome with a deletion in the adenovirus El region, and an insert in the adenovirus El 
region, wherein the insert comprises an expression cassette comprising: (a) a sequence of nucleotides 
that encodes a CEA fusion protein, wherein the CEA fusion protein comprises a CEA protein or 
variant thereof, fused to an immunoenhancing element or substantial portion thereof; wherein the 
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immunoenhancing element is selected from the group consisting of: heat shock protein (HSP) 70, 
lysosome-associated membrane protein (LAMP), fragment C of tetanus toxoid (FrC), the N~terminal 
domain of FrC (DOM), the heavy fragment of constant chain of immune globulin Gl (FcIgG), the 
vesicular stomatitis virus glycoprotein (VSV-G), cholera toxin (CT) from Vibrio cholerae, and heat 
5 labile enterotoxin of Kcoli (LT); and wherein the fusion protein is capable of producing an immune 
response in a mammal; and (b) a promoter operably linked to the polynucleotide. 

The instant invention further relates to an adenovirus vaccine vector comprising an 
adenoviral genome with a deletion in the El region, and an insert in the El region, wherein the insert 
comprises an expression cassette comprising: (a) a sequence of nucleotides that encodes a CEA fusion 

10 protein, wherein the CEA fusion protein comprises a CEA protein or variant thereof, fused to a 
substantial portion of an immunoenhancing element; wherein the immunoenhancing element is 
selected from the group consisting of: HSP70, LAMP, FrC, DOM, FcIgG, VSV-G, CT, LTA and 
LTB; and wherein the fusion protein is capable of producing an immune response in a mammal; and 
(b) a promoter operably linked to the polynucleotide. 

15 In a preferred embodiment of this aspect of the invention, the adenovirus vector is an 

Ad 5 vector. 

In another preferred embodiment of the invention, the adenovirus vector is an Ad 6 

vector. 

In yet another preferred embodiment, the adenovirus vector is an Ad 24 vector. 

20 Also contemplated for use in the present invention is an adenovirus vaccine vector 

comprising a adenovirus genome that naturally infects a species other than human, including, but not 
limited to, chimpanzee adenoviral vectors. A preferred embodiment of this aspect of the invention is 
a chimp Ad 3 vaccine vector. 

In another aspect, the invention relates to a vaccine plasmid comprising a plasmid 

25 portion and an expression cassette portion, the expression cassette portion comprising: (a) a sequence 
of nucleotides that encodes a CEA fusion protein, wherein the CEA fusion protein comprises a CEA 
protein or variant thereof, fused to an immunoenhancing element or substantial portion thereof, 
selected from the group consisting of: HSP70, LAMP, FrC, DOM, the FcIgG, VSV-G, CT, LTA and 
LTB; and wherein the fusion protein is capable of producing an immune response in a mammal; and 

30 (b) a promoter operably linked to the polynucleotide. 

In some embodiments of this invention, the recombinant adenovirus and plasmid- 
based polynucleotide vaccines disclosed herein are used in various prime/boost combinations in order 
to induce an enhanced immune response. In this case, the two vectors are administered in a "prime 
and boost" regimen. For example the first type of vector is administered one or more times, then after 
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a predetermined amount of time, for example, 2 weeks, 1 month, 2 months, six months, or other 
appropriate interval, a second type of vector is administered one or more times. Preferably the 
vectors carry expression cassettes encoding the same polynucleotide or combination of 
polynucleotides. In the embodiment where a plasmid DNA is also used, it is preferred that the vector 
5 contain one or more promoters recognized by mammalian or insect cells. Ih a preferred embodiment, 
the plasmid would contain a strong promoter such as, but not limited to, the CMV promoter. The 
synthetic CEA fusion gene or other gene to be expressed would be linked to such a promoter. An 
example of such a plasmid would be the mammalian expression plasmid VlJns as described (J. Shiver 
et. ah in DNA Vaccines, M. Liu et al. eds., N.Y. Acad. Sci., N.Y., 772:198-208 (1996), which is 

10 herein incorporated by reference). 

As stated above, an adenoviral vector vaccine and a plasmid vaccine may be 
administered to a vertebrate as part of a single therapeutic regime to induce an immune response. To 
this end, the present invention relates to a method of protecting a mammal from a CEA-associated 
cancer comprising: (a) introducing into the mammal a first vector comprising: i) a sequence of 

15 nucleotides that encodes a CEA fusion protein, wherein the CEA fusion protein comprises a CEA 
protein or variant thereof, fused to a substantial portion of an immunoenhancing element selected 
from the group consisting of: HSP70, LAMP, FrC, DOM, the FcIgG, VSV-G, CT, LTA and LTB; and 
wherein the fusion protein is capable of producing an immune response in a mammal; and ii) a 
promoter operably linked to the polynucleotide; (b) allowing a predetermined amount of time to pass; 

20 and (c) introducing into the mammal a second vector comprising: i) a sequence of nucleotides that 
encodes a CEA fusion protein, wherein the CEA fusion protein comprises a CEA protein or variant 
thereof, fused to a substantial portion of an immunoenhancing element selected from the group 
consisting of: HSP70, LAMP, FrC, DOM, the FcIgG, VSV-G, CT, LTA and LTB; and wherein the 
fusion protein is capable of producing an immune response in a mammal; and ii) a promoter operably 

25 linked to the polynucleotide. 

In one embodiment of the method of protection described above, the first vector is a 
plasmid and the second vector is an adenovirus vector. In an alternative embodiment, the first vector 
is an adenovirus vector and the second vector is a plasmid. 

Ici the method described above, the first type of vector may be administered more than 

30 once, with each administration of the vector separated by a predetermined amount of time. Such a 

series of administration of the first type of vector may be followed by administration of a second type 
of vector one or more times, after a predetermined amount of time has passed. Similar to treatment 
with the first type of vector, the second type of vector may also be given one time or more than once, 
following predetermined intervals of time. 
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The instant invention further relates to a method of treating a mammal suffering from 
a CEA-associated adenocarcinoma comprising: (a) introducing into the mammal a first vector 
comprising: i) a sequence of nucleotides that encodes a CEA fusion protein, wherein the CEA fusion 
protein comprises a CEA protein or variant thereof, fused to a substantial portion of an 
5 immunoenhancing element selected from the group consisting of: HSP70, LAMP, FrC, DOM, the 
FcIgG, VSV-G, CT and LT; and wherein the fusion protein is capable of producing an immune 
response in a mammal; and ii) a promoter operably linked to the polynucleotide; (b) allowing a 
predetermined amount of time to pass; and (c) introducing into the mammal a second vector 
comprising: i) a sequence of nucleotides that encodes a CEA fusion protein, wherein the CEA fusion 

10 protein comprises a CEA protein or variant thereof, fused to a substantial portion of an 

immunoenhancing element selected from the group consisting of: HSP70, LAMP, FrC, DOM, the 
FcIgG, VSV-G, CT and LT; and wherein the fusion protein is capable of producing an immune 
response in a mammal; and ii) a promoter operably linked to the polynucleotide. 

In one embodiment of the method of treatment described above, the first vector is a 

15 plasmid and the second vector is an adenovirus vector. In an alternative embodiment, the first vector 
is an adenovirus vector and the second vector is a plasmid. 

In preferred embodiments of the methods described above, the vectors comprise a 
sequence of nucleotides that encode a CEA-LT fusion protein, wherein the CEA fusion protein 
comprises a CEA protein or variant thereof, fused to a substantial portion of a LT subunit. In further 

20 preferred embodiments, the vector comprises a sequence of nucleotides that encodes a CEA-LTB 
fusion protein. In further preferred embodiments of the methods described above, the vectors 
comprise a sequence of nucleotides that encode a CEA-DOM fusion protein, wherein the CEA fusion 
protein comprises a CEA protein or variant thereof, fused to a substantial portion of a DOM subunit. 
In still further preferred embodiments, the vector comprises a sequence of nucleotides that encodes a 

25 CEA-FcIgG fusion protein. 

The amount of expressible DNA or transcribed RNA to be introduced into a vaccine 
recipient will depend partially on the strength of the promoters used and on the immunogenicity of the 
expressed gene product. In general, an immunologically or prophylactically effective dose of about 1 
ng to 100 mg, and preferably about 10 [Xg to 300 jag of a plasmid vaccine vector is administered 

30 directly into muscle tissue. An effective dose for recombinant adenovirus is approximately 10^ - 
1012 particles and preferably about 10? — lOHparticles. Subcutaneous injection, intradermal 
introduction, impression though the skin, and other modes of administration such as intraperitoneal, 
intravenous, intramuscular or inhalation delivery are also contemplated. 
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In preferred embodiments of the present invention, the vaccine vectors are introduced 
to the recipient through intramuscular injection. 

The vaccine vectors of this invention may be naked, i.e., unassociated with any 
proteins, or other agents which impact on the recipient's immune system. In this case, it is desirable 
for the vaccine vectors to be in a physiologically acceptable solution, such as, but not limited to, 
sterile saline or sterile buffered saline. Alternatively, it may be advantageous to administer an agent 
which assists in the cellular uptake of DNA, such as, but not limited to calcium ion. These agents are 
generally referred to as transfection facilitating reagents and pharmaceutical^ acceptable carriers. 
Those of skill in the art will be able to determine the particular reagent or pharmaceutical^ 
acceptable carrier as well as the appropriate time and mode of administration. 

All publications mentioned herein are incorporated by reference for the purpose of 
describing and disclosing methodologies and materials that might be used in connection with the 
present invention. Nothing herein is to be construed as an admission that the invention is not entitled 
to antedate such disclosure by virtue of prior invention. 

Having described preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those precise 
embodiments, and that various changes and modifications may be effected therein by one skilled in 
the art without departing from the scope or spirit of the invention as defined in the appended claims. 

The following examples illustrate, but do not limit the invention. 

EXAMPLE 1 

Construction of CEA Fusion Proteins 

To determine the immunogenicity of CEA fusion proteins, a series of vectors were 
constructed encoding amino acids (hereinafter aa) 1 to 679 of the human CEA protein fused to a panel 
of selected polypeptides (see EXAMPLE 2). These sequences were chosen in view of their reported 
immunoenhancing properties, which have been demonstrated in a variety of experimental systems. 
The CEA fusions were engineered by joining the cDNA of the CEA protein deleted of the GPI 
anchoring sequence to the foreign polypeptides (exemplary constructs are depicted in FIGURE 18 A). 
The tumor antigen was linked to the HSP70, FcIgG or LAMP sequences to determine whether 
enhancement of antigen uptake or retargeting to the endosomal compartment would lead to an 
increased immune response. Similarly, fusion to fragment C of tetanus toxin (FrC) or to a minimal 
domain devoid of potentially competitive MHC class I binding epitopes (DOM, see FIGURE 29) 
(Rice et al. Immunol 169: 3908-13 (2002)) was constructed to promote humoral and CD4 + T cell 
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responses. CEA was also linked to the VSV-G coding sequence to determine whether fusion to a 
viral glycoprotein would influence the immunogenic properties of CEA. 

The coding sequences of these CEA-fusions were cloned into vectors pVUns under 
the control of the human CMV/intron A promoter plus the bovine growth hormone (BGH) 
5 polyadenylation signal (EXAMPLE 2). Plasmids pVU/CEA-FRC, pVlJ/CEA-DOM, pVU/CEA- 
FcIgG, pVlJ/CEA-LAMP, pVU/CEA-VSV-G, and pVU/CEA-HSP70 carry the wild type cDNA of 
CEA fused to the coding sequences of the indicated foreign polypeptides. Exemplary nucleotide and 
amino acid sequences of hCEA-DOM and hCEA-FcIgG fusions are shown in FIGUREs 26, 27, and 
30. 

10 To assess the effect of LTA and LTB subunits of the E. coli heat labile enterotoxin on 

CEA immunogenicity, a series of additional fusion constructs were generated encoding amino acids 1 
to 679 of CEA protein fused to either the LTA (aa 18 to 259) or the LTB (aa 21 to 125) coding 
sequence. A schematic representation of the structure of exemplary CEA-LT A and CEA-LTB fusions 
developed for this study are shown in FIGURE 1. Exemplary nucleotide and amino acid sequences of 

15 CEA-LT fusions are shown in FIGURES 2-6. 

CEA-LT fusions were engineered by joining the cDNA of the CEA protein deleted of 
the anchoring sequence to the LT subunits to which the signal peptide coding sequence had been 
removed. The CEA-fusions coding sequences were cloned into vectors pVUns under the control of 
the human cytomegalovirus (CMV)/intron A promoter plus the bovine growth hormone (BGH) 

20 polyadenylation signal. Plasmids pVU/hCEA-LTA and pVlJ/hCEA-LTB carry the wild type cDNA 
of CEA fused to the coding sequences of LTA and LTB, respectively (see EXAMPLE 2). 

All constructs carrying the CEA-LTB fusion were generated by fusing the CEA 
cDNA from nt 1 to 2037, with the LTB cDNA fragment encompassing nt 64 to 375. The LTB coding 
sequence was obtained by PGR amplification of £ coli genomic DNA using sequence specific 

25 primers LTB-S1 5'-TATTCTAGATGCT CCCCAGACTATTACAGAA-3' (SEQ 
ID NO : 1 ) and LTB-A1 5'-TATGCGGCCGCCTAGTTTTCCATACTGATTGCC 
G C -3' (SEQ ID NO:2). The amplified DNA was introduced at the 3' end of the CEA coding 
sequence generating plasmids. 

30 EXAMPLE 2 

Plasmid Constructs 

pVU/CEA np t and pVU/CEA : These two constructs carry the codon usage 

optimized and wild type cDNA of CEA, respectively. The CEA coding sequence is located between 
the CMV/intronA immediate early promoter of cytomegalovirus and the bovine growth hormone 
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polyadenylation signal. For generation of pVlJ/hCEA op t, plasmid pCR-hCEAopt was digested with 
EcoRI for 1 hr at 37°C. The resulting 2156 bp insert was purified and cloned into the EcoKL site of 
plasmid pVUnsB ((Montgomery et al. DNA Cell Biol 12(9): 777-83 (1993)). 

For generation of pVl J/hCEA, plasmid pCI/hCEA (Song et al. Regulation of T- 
5 helper- 1 versus T-helper-2 activity and enhancement of tumour immunity by combined DNA-based 
vaccination and nonviral cytokine gene transfer. Gene Titer apy 7: 481-492 (2000)) was digested with 
EcoRI. The resulting 2109 bp insert was cloned into the EcoRI site of plasmid pVl JnsA 

(Montgomery et al., supra). 

pV 1 J/hCEA-LTB and pVlJ/hCEA op t-LTB ; The codon optimized cDNA of LTB 

10 was synthetized by oligonucleotide assembly (Geneart GmbH, Regensburg, Germany) and cloned in 
pCR-script vector (Stratagene, LA Jolla, CA). To generate p V 1 J/hCEA r>p t-LTB opt, LTB op t was 

amplified by PCR using the following PCR primers: LTBopt-5'XbaI (5' end) 5'-GCTCTAGAG 
CCCCCCAGAGCATCACCGAGCTGTGC - 3YSEO ID NO:3) and LTBopt-3'BglII 
(3' end) 5' - GCTCTAGAACCCCTCAGAACATCACCGATCTGTGCGCC- 
15 3' (SEQ ID NO:4). The amplified product was then inserted into the XbaVBglH sites of plasmid 
pVlJ/hCEAopt- 

pV 1 J/hCEA-LTA : The LTA coding sequence corresponding to nt 54 to 774 that 
encode aa 18 to 259, was amplified by PCR from genomic DNA of E. coli using sequence specific 
primers LTA-S1 5' - TATTCTAGATAATGGCGACAAATTATACCG-3' (SEQ 

20 roNO^andLTAzAl 5' -TATGCGGC CGCTC AT A ATT CATCCCGAATTCT 
G T T - 3' (SEQ ID NO:6). The amplified DNA was digested with appropriate restriction enzymes 
and inserted into plasmid pVU/hCEA. 

pV 1 J/rhCEAopt-LTB : A 3' fragment of the rhesus monkey CEA cDNA (nt 1641 to 
2026), which was codon-optimized for high level expression in human cells, was amplified by PCR 

25 from pVU-rhCEAopt. The amplified cDNA lacked the GPI anchor coding sequence and carried the 
XbaVBglTI restriction sites. This fragment was inserted into the Pstl site of pCR-blunt-rhCEAopt, 
thus obtaining the intermediate pCR-blunt-rhCEAopt Xbal/BglllL rhCEAopt was extracted as a 
BglWSall fragment and cloned in the same sites in pVU-nsB, thus obtaining pVU-rhCEAopt 
Xbal/Bgin. LTB opt was amplified by PCR from pCR-script-LTBopt adding Xbal and BglU sites at 5* 

30 and 3' ends, respectively, and was cloned in pVU-rhCEAopt XbalXBglll, thus obtaining pVU- 
rhCEAopt-LTBopt 

pVU/CEA-FrC pVl J/CEA-DOM. pVU/CEA-FcIg& pVl J/CEA-LAMP, 
pVU/CEA-HSP70 and pVlJ/CEA-VSV-G : All the constructs encoding the referenced CEA fusion 
proteins were generated by fusing the CEA cDNA from nt 1 to nt 2037 (SEQ ID NO:22, FIGURE 
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28A), corresponding to aa 1 to aa 679 (SEQ ID NO:23, FIGURE 28B), with the cDNA fragment 
corresponding to the following: fragment C of tetanus toxoid (CEA-FrC, SEQ ID NO:24), the N- 
terminal domain of FrC (CEA-DOM, SEQ ID NOs:21 and 49), the heavy fragment of constant chain 
of immune globulin Gl (CEA-FcIgG, SEQ ID NO:25), the lysosome-associated membrane protein 
5 (CEA-LAMP, SEQ ID NO:26), the heat shock protein 70 (CEA-HSP70, SEQ ID NO:27), or the 
vesicular stomatitis virus glycoprotein (CEA-VSV-G, SEQ ID NO:28). 

FrC and DOM coding sequences were obtained by PCR amplification from pRep- 
TeT.C plasmid as described in Rice et al. (7. Immunol. 169: 3908-13 (2002)). FcIgG was obtained 
from total RNA of human PBMC VSV-G and HSP70 were obtained from p-FAST-VSV-G and from 

10 plasmid pY31 1 1, respectively. LAMP1 was obtained by gene assembly. Amplifications were carried 
out using the following primers: FrC sense (5'-T AT TCTA GATTCAACACCAATTCC 
ATTTTCTTATTC-3' (SEQ ID NO:29)FrC antisense (5'-G CGGCCGCTAGAATCA 
TTTGTCCATCCTTCATC-3' (SEQ ID NO:30), DOM sense (5'-T AT TCTA GA T T C 
AACACCAATTCCATTTTCTTATTC-3' (SEQ ID NO:31) DOM antisense (5- T T A 

15 GCGGCCGCTAGTTCTGTATCATATCGTAAAGGG-3' (SEQ ID NO:32), 

FcIgG sense (5'-T CTA GA TAAAACTCACACATGCCCA-3' (SEQ ID NO:33) FcIgG 
antisense (5'-G CCGACTCATTTACCCGGAGACAGGGAG-3' (SEQ ID NO:34), 
LAMP sense (5-TCTA GA TTTGATCCCCATTGCTGTGGGCGGTGCCCTG- 
3' (SEQ ID NO:35) LAMP antisense (5'- GG C GT G A C T C C T C T T C CT GC C A A T G A 

20 GGTAGGCAATGAG-3' (SEQ IDNO:36), VSV-G sense (5'-AT A TC TA G A T T T C A 
CCATAGTTTTTCCACACAACC-3' (SEQ ID NO:37) VSV-G antisense (5'-GCGGC 
CGCCTTCCTTCCAAGTCGGTTCATCTCTATG-3' (SEQ ID NO:38), HSP70 
sense (5'-G C TCTA GA T AT GG CTCGTGCGGTCGGGATCGACC-3' (SEQ ID 
NO-.39)) and HSP70 antisense (S'G CCGCGGCCGCTCACTTGGCCTCCCGGCC 

25 GTCGTCG-3' (SEQ ID NO:40). The amplified DNA was introduced at the 3' end of the CEA 
coding sequence generating plasmids pVU/CEA-FrC, pVU/CEA-DOM, pVU/CEA-FcIgG, 
pVU/CEA-LAMP, pVU/CEA-HSP70 and pVlI/CEA-VSV-G. 

pVU/CEA-DOMopt and pVU/CEA-FcIgGop t: The codon usage optimized cDNA 
of DOM and FcIgG were synthesized by oligonucleotide assembly (Geneart GmbH, Regensburg, 

30 Germany) and cloned in pCR-script vector (Stratagene, La Jolla, CA). To generate pVU/CEA- 

DOMopt, DOMopt was amplified by PCR using the following primers: Domopt sense (5 - GTTAT 
CrAGAAGCACCCCCATCCC-3' (SEQ ID NO:41)) and Dom^t reverse (5'- T T A A G 
ATCTCTAAGATCTGGTGTCGTATCTCAGGGG-3' (SEQ ID NO:42). The 
amplified product was then inserted into the XbaVBglQ. sites of plasmid pVU/CEAopt. To generate 
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pVlJ/CEA-FcIgGopt, FcIgGopt was amplified by PGR using the following primers: FcIgG G pt sense 
(5'-TTArcrAGAAAGACCCACACCTGCCCCCCTTGC-3' (SEQ ID 
NO:43))and as FcIgG op t reverse (5'- TATAGATCTTAGGGTACCTTACTTGCCG 

G G G -3' (SEQ ID NO:44)) the amplified product was inserted into XbaUBglU sites of plasmid 
5 pVU/CEAopt 

EXAMPLE 3 

Adenovirus Vectors 

Ad5/hCEAo p t : Plasmid pCR-hCEAopt was digested with EcoRl. The resulting 2156 

10 bp insert was purified and cloned into the EcoRI of the polyMRK~Ad5 shuttle plasmid. 

Ad5/CEA : The shuttle plasmid pMRK-hCEA for generation of Ad5 vector was 
obtained by digesting plasmid pDeltalsplB/hCEA with Sspl and EcoRV. The 9.52kb fragment was 
then ligated with a 1272 bp BgWBamHL-rzstricted^ Klenow-treated product from plasmid polyMRK. 
A PacUStul fragment from pMRK-hCEA and pMRK-hCEAopt containing the expression cassette for 

15 hCEA and El flanking Ad5 regions was recombined to Clal linearized plasmid pAd5 in BJ5183 E. 
coli cells. The resulting plasmids were pAd5-hCEA and pAd5-hCEAopt, respectively. Both 
plasmids were cut with Pad to release the Ad ITRs and transfected in PerC-6 cells. Ad5 vectors 
amplification was carried out by serial passage. MRKAd5/hCEA and MRKAd5/hCEAopt were 
purified through standard CsCl gradient purification and extensively dialyzed against A 105 buffer 

20 (5mM Tris-Cl pH 8.0, ImM MgCl 2 , 75 mM NaCl, 5% Sucrose, 0.005 Tween 20). 

Ad5/hCEAopt-LTB : Plasmid pMRK-hCEAopt-LTB was constructed by cutting 
polyMRK~Ad5 shuttle plasmid with Swal and by ligating the linearized vector with the 2300 bp DNA 
fragment derived from pV 1 J/hCEAopt-LTB that had been restricted with EcoRI, BglR and treated 
with Klenow. The pMRK-hCEAopt-LTB was linearized and recombined into the Ad genome as 

25 indicated above. 

Ad5/CEA-DOMopt and Ad5/CEA-FcIgGopt : Plasmid pMRK-CEA-DOMopt and 
pMRK-CEA-FcIgGopt were constructed by cutting polyMRK- Ad5 shuttle plasmid with Swal and by 
ligating the linearized vector with the 2.9 kb DNA fragment derived from pVl J/CEA-DOMopt or 
ligating the linearized vector with the 2700 bp DNA fragment derived from pVl J/CEA-FcIgGlopt 
30 that had been restricted with EcoRI, BglU and treated with Klenow. pMRK-CEA-FcIgGopt and 
pMRK-CEA-DOMopt were linearized and recombined into the Ad genome as indicated above. 

EXAMPLE 4 

Comparative Expression Efficiency of Various CEA-LT Fusion Constructs 
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The use of codon optimized cDNAs for genetic vaccination against viral diseases has 
been shown to elicit a greater immune response due, at least in part, to an increased expression of the 
target protein. To verify whether the LTB coding sequence would also enhance the immunogenic 
properties of the CEA cDNA designed to incorporate human-preferred (humanized) codons for each 
5 amino acid residue, plasmid pVlJ/hCEAopt-LTB was also constructed. Finally, a fully codon 

optimized version of the CEA-LTB fusion was also constructed using a synthetic codon optimized 
cDNA of LTB to generate plasmid pVU/hCEA-LTBopt. 

To determine whether the LTB effect on CEA immunogenicity was not limited to 
plasmid DNA immunization, an Adenovirus type 5 vector encoding the CEAopt-LTB fusion flanked 
10 by the CMV/intron A promoter and the BGH polyadenylation signal was also constructed. The 

molecular mass of the CEA fusion proteins expressed by both plasmid and Ad vectors did not differ 
from that derived from the corresponding vectors encoding the full length form of CEA cDNA (data 
not shown). 

To compare the efficiency of expression of the vectors encoding the CEA-LTA and 

15 CEA-LTB fusions and that of the cDNA of full length CEA, HeLa cells were transfected with 

plasmids pVl J/hCEA-LTA, and pVU/hCEA-LTB. The CEA expression of these constructs was 
compared to that of the corresponding plasmid carrying the wt cDNA of CEA, pVU/hQEA. 
Similarly, plasmid pVlJ/hCEAopt-LTB expression efficiency was compared to that of 
pVU/hCEAopt. Expression efficiency of these constructs were determined two days post 

20 transfection by monitoring the amount of CEA protein in cell extracts. 

Transfection of plasmids pVl J/hCEA-LTA and p V 1 J/hCE A-LTB yielded 
approximately two fold higher amounts of CEA protein (183 and 139 |JLg/l, respectively, FIGURE 8A) 
detected in the culture supernatant as compared to plasmid pVU/CEA (91 |ug/l). Similarly, the 
expression efficiency of constructs pVU/hCEAopt and pVlJ/hCEAopt-LTB was also comparable 

25 (113 and 136 \xg/l 7 respectively; FIGURE 8B). Finally, the expression efficiency of the Ad/hCEAopt 
and Ad/hCEAopt-LTB was also compared by infecting HeLa cells at different moi. The CEA 
expression efficiency of these two vectors was comparable at moi 1000 (1790 and 1400 fxg/l, 
respectively, FIGURE 9) whereas at moi 100, vector Ad/hCEAopt-LTB yielded approximately four 
fold lower amounts of CEA protein detectable in the culture supernatant than Ad/hCEAopt (390 and . 

30 1500 juig/1, respectively). 

Thus, these results indicate that the cDNA encoding the CEA-LTA and CEA-LTB 
fusion proteins are expressed with equivalent efficiency to that of the corresponding cDNA encoding 
the full length CEA protein. Additionally, the comparable CEA expression of these cDNAs is not 
influenced by the type of the gene transfer vehicle utilized for their delivery. 
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EXAMPLES 

Detection of CEA Expression. 

CEA expression by plasmid and Ad vectors was monitored by Western blot analysis 
5 and ELISA. Plasmids were transfected in HeLa cells with Lipofectamine 2000 (Life Technologies). 
Adenovirus infections of HeLa cells were performed in serum free medium for 30 min at 37°C, and 
then fresh medium was added. After 48hr incubation, whole cell lysates were harvested. The CEA 
protein present in the cell lysates was detected by Western blot analysis using a rabbit polyclonal 
antiserum. The protein was detected as a 180-200 kDa band. The amount of expressed CEA was 

10 detected in the cell lysates using the Direct Elisa CEA Kit (DBC-Diagnostics Biochem Canada Inc). 

Expression of the fusion proteins in transfected cells was examined by Western blot 
analysis using antibodies specific for CEA, VSV-G, FcIgG, tetanus toxin, or HSP70. HeLa cells were 
either transfected with the indicated plasmid or infected with the selected Ad vector. After 48 hr 
incubation, whole cell lysates and culture supernatant were harvested. 

15 CEA expression in cell lysate or supernatant was also monitored using the Direct 

Elisa CEA Kit (DBC-Diagnostics Biochem Canada Inc). CEA protein was detected with the antibody 
specific for the fused polypeptide in transfected cell lysates, whereas no expression of the target 
antigen was observed in the mock transfected control samples (FIGURE 18B). The molecular mass 
of the fusion proteins did not differ significantly from that of CEA. This apparent lack of difference 

20 in molecular mass between the various CEA polypeptides is probably due to the high degree of 
glycosylation of the tumor antigen. 

To compare the efficiency of expression of the vectors encoding the CEA-fusions to 
that of pVU/CEA, HeLa cells were transfected with the different plasmids and CEA expression of 
these constructs was determined two days post transfection by ELISA. Plasmids pVl J/CEA-FrC, 

25 pVU/CEA-DOM, pVlJ/CEA-FdgG, pVlJ/CEA-LAMP, pVU/CEA-VSV-G and pVU/CEA-HSP70 
expressed CEA with comparable efficiency as pVU/CEA (FIGURE 19A). Most of the fusion 
proteins were secreted and detected in the cell supernatant; however, CEA-LAMP was not released 
from the transfected cells, probably due to its re-routing to the lysosomal compartment. (FIGURE 
19B). Thus, these results indicate that the cDNA encoding the CEA-FrC, CEA-DOM, CEA-VSV-G, 

30 CEA-FcIgG, CEA-HSP70 and CEA-LAMP fusion proteins are expressed with equivalent efficiency 
to that of the cDNA encoding the full length CEA protein. 

EXAMPLE 6 

Peptides 
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Lyophilized hCEA peptides were purchased from Bio-Synthesis and resuspended in 
DMSO at 40 mg/mL Pools of peptides 15 aa long overlapping by 1 1 residues were assembled as 
described (Facciabene et al. J. Virol. 78: 8663-72 (2004). Final concentrations were the following: 
pool A=L2 mg/ml, pool B 0.89 mg/mL, pool C 0.89 mg/ml, pool D 0.8 mg/ml. Peptides were stored 
5 at -80°C. Immune response to DOM was monitored using the tetanus toxoid peptide p30 

(F947NISIFTVSFWLRVPKVSASHLE967 (SEQID NO:54)) (Rice et al. J. Immunol 167: 1558-65 

(2001)). 

EXAMPLE 7 

10 Mice Immunization and tumor challenge 

All animal studies were approved by the IRBM institutional animal care and use 
committee. Female C57BL/6 mice (H-2b) were purchased from Charles River (Lecco, Italy). HLA- 
A2.1 mice (HHD) were kindly provided by F. Lemmonier (Institute Pasteur, Paris, France). 
C57BL/DR4 mice were purchased from Taconic (Germantown, NY). CEA.tg mice (H-2b) were 

15 provided by J. Primus (Vanderbilt University) and kept in standard conditions (Clarke et al. Cancer 
Res. 58: 1469-77 (1998)). Fifty micrograms of plasmid DNA were electroinjected in a 5Q\x\ volume in 
mice quadriceps as previously described (Rizzuto et al. Proc. Natl Acad. Set U.S.A. 96(11): 6417-22 
(1999)). Ad injections were carried out in mice quadriceps in 50jjl1 volume. Humoral and cell 
mediated immune response were analyzed at the indicated time. 

20 C57BL/6 mice were subjected to two DNA injections in quadriceps muscle followed 

by electrical stimulation as previously described (Rizzuto et al. supra). Injections were carried out at 
three-week intervals. CEA transgenic mice were subjected to either 5 weekly injections of plasmid 
DNA (50]Lig/injection), 2 injections of Ad vectors (1x109 viral particles/injection), or 5 weekly 
injections followed by a boost with Ad. Two weeks after the last injection, humoral and cell 

25 mediated immune response were analyzed. Mice were also challenged with a subcutaneous (s.c.) 

injection of 5x105 MC38-CEA cells (Clarke et al., supra). At weekly intervals, mice were examined 
for tumor growth. 

EXAMPLE 8 

30 Antibody Detection and Titration. 

Sera for antibody titration were obtained by retro-orbital bleeding. ELISA plates 
(Nunc maxisorp) were coated with lOOng/well of highly purified CEA protein (Fitzgerald), diluted in 
coating buffer (50mM NaHCOs, pH 9.4) and incubated O/N at 4°C as previously described 

(Facciabene et al., supra). Plates were then blocked with PBS containing 5% BSA for 1 hr at 37°C. 
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10 



Mouse sera were diluted in PBS 5% BSA (dilution 1/50 to evaluate seroconversion rate; dilutions 
from 1:10 to 1:31,2150 to evaluate titer). Pre-immune sera were used as background. Diluted sera 
were incubated O/N at 4°C. Washes were carried out with PBS 1% BSA, 0.05% Tween 20. 
Secondary antibody (goat anti-mouse, IgG Peroxidase, Sigma) was diluted 1/2000 in PBS, 5% BSA 
and incubated 2-3 hr at RT on a shaker. After washing, plates were developed with lOOpl/well of 
TMB substrate (Pierce Biotechnology, Inc., Rockford, IL). Reaction was stopped with 25 |xl/well of 
1M H2SO4 solution and plates were read at 450nm/620 nm. Anti-CEA serum titers were calculated 

as the reciprocal limiting dilution of serum producing an absorbance at least 3-fold greater than the 
absorbance of autologous pre-immune serum at the same dilution. 



EXAMPLE 9 

IFN-Y ELISPOT Assay 

Assays were carried out using mouse splenocytes and CEA-specific peptides as 

previously described (Facciabene et al., supra). Ninety-six wells MADP plates (Millipore Corp., 
15 Billerica, MA) were coated with 100 \x\l well of purified rat anti-mouse IFN-y (IgGl, clone R4-6A2, 

Pharmingen) diluted to 2.5 |xg/ml in sterile PBS. After washing with PBS, blocking of plates was 

carried out with 200 (al/well of R10 medium for 2 hrs at 37°C. 

Splenocytes were obtained by removing the spleen from the euthanized mice in a 

sterile manner and by spleen disruption by grating on a metal grid. Red blood cells were removed by 
20 osmotic lysis by adding 1 ml of 0. IX PBS to the cell pellet and vortexing for approximately 15s. One 

ml of 2x PBS was then added and the volume was brought to 4ml with lx PBS. Cells were pelleted 

by centrifugation at 1200 rpm for 10 min at RT, and the pellet was resuspended in 1 ml R10 medium. 

Viable cells were counted using Turks staining. 

Splenocytes were plated at 5xl0 5 and 2.5xl0 5 cells/well in duplicate and incubated 
25 for 20h at 37°C with lfxg/ml suspension of each peptide. Concanavalin A (Con A) was used as 

positive internal control for each mouse at 5jig/ml. After washing with PBS, 0.05% Tween 20, plates 

were incubated O/N at 4°C with 50{xl/well of biotin-conjugated rat anti-mouse IFNy (RatlgGl, clone 

XMG 1.2, PharMingen) diluted to 1:2500 in assay buffer. After extensive washing, plates were 

developed by adding 50 fxl/well NBT/B-C1P (Pierce Biotechnology, Inc., Rockford, IL) until 
30 development of spots was clearly visible. The reaction was stopped by washing plates thoroughly 

with distilled water. Plates were air dried and spots were then counted using an automated ELISPOT 

reader. 



EXAMPLE 10 
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Intracellular Cytokine Staining. 

One to two million mouse splenocytes or PBMC in 1ml RPMI 10% FCS were 
incubated with pool of peptides (5-6 fig/ml final concentration of each peptide) and brefeldin A (1 
Jig/ml; BD Pharmingen cat #555028/2300kk) at 37°C and 5% CO2 for 12-16 hours as previously 

5 described (Facciabene et al., supra). Cells were then washed with FACS buffer (PBS 1% FBS, 

0.01% NaN3) and incubated with purified anti-mouse CD16/CD32 Fc block (BD Pharmingen cat # 
553142) for 15 min at 4°C. Cells were then washed and stained with surface antibodies: CD4-PE 
conjugated anti-mouse (BD Pharmingen, cat.# 553049), PercP CD8 conjugated anti mouse (BD 
Pharmingen cat# 553036) and APC- conjugated anti-mouse CD3e (BD Pharmingen cat# 553066) for 

10 30 minutes at room temperature in the dark. After the washing cells were fixed and permeabilized 

with Cytofix-Cytoperm Solution (BD Pharmingen cat #555028/2300kk) for 20 min at 4°C in the dark. 
After washing with PermWash Solution (BD Pharmingen cat #555028/2300kk) cells were incubated 
with the IFNy-FITC antibodies (BD Pharmingen). Cells were then washed, fixed with formaldehyde 
1% in PBS and analyzed on a FACS-Calibur flow cytometer, using CellQuest software (Becton 

15 Dickinson, San Jose, CA). 

EXAMPLE 11 

Immunogenicity of CEA-LT Fusions 

To examine the immune responses induced by the plasmids encoding the CEA-LTA 

20 and CEA-LTB fusions, groups of 9 C57BL/6 mice were immunized with two injections i.m. of 50 \xg 
each of plasmids pVU/hCEA, pVU/hCEA-LTA and pVU/hCEA-LTB. Additionally, to verify 
whether coexpression of the CEA-LTA and CEA-LTB fusion proteins could have an additive effect 
on the immunogenicity of the CEA protein, a group of mice was immunized by coinjecting 25 \ig 
each of plasmids pVU/hCEA-LTA and pVU/hCEA-LTB. Immunizations were administered three 

25 weeks apart. The plasmid DNA was routinely electroinjected into mouse skeletal muscle in view of 
the enhanced transduction and immunogenicity connected with this particular procedure (Zucchelli et 
al. 7. Virol 74: 11598-11607 (2000); Widera et al. J. Immunol 164: 4635-4640 (2000)). 

The cellular immunity elicited by the different plasmids was measured by ELISPOT 
assay 2 weeks after the last injection. Antigen-specific IFNy secretion from stimulated splenocytes 

30 was measured using four pools of 15mer peptides overlapping by 1 1 aa and encompassing the entire 
CEA glycoprotein. Pool A covers aa 1 to 147, pool B aa 137 to 237, pool C aa 317 to 507, and pool 
D aa 497 to 703. As a negative control, cytokine production was also measured upon stimulation of 
the splenocytes with DMSO at the same concentration utilized to solubilize the CEA peptides. 
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The immune response elicited by DNA vaccination in C57BL/6 mice was primarily 
biased towards the C-terminal region of the protein since the SFC values detected with the peptide 
pool A were slightly above background with all constructs (FIGURE 10). The pVU/hCEA-LTB 
vaccination regimen was superior to that elicited by pVU/hCEA as indicated by the higher geometric 
5 mean values of the SFC detected with peptide pools B, C and D (p V 1 J/hCE A-LTB : 482, 1436, and 
2054 SFC/106 splenocytes, respectively; pVU/hCEA: 45, 350, and 264 SFC/106 splenocytes, 
respectively). Similarly, plasmid pVl J/hCEA-LTA had also an enhancing effect on the CEA specific 
immune response when compared to pVU/hCEA. However, the increase in immune response was 
only observed with peptide pools C and D (925 and 528 SFC/IO^ splenocytes, respectively), while the 

10 immune response measured with peptide pool B was low (15 SFC/106 splenocytes). Additionally, 
coinjection of plasmids pVlJ/hCEA-LTA and pVU/hCE A-LTB did not have a significant synergic 
effect on the immune response to CEA when compared to the immune response measured in the 
pVl J/hCEA-LTB treated group, but rather, it resulted in a decrease of the SFC values detected with 
peptides pool B and D (210 and 528 SFC/106 splenocytes, respectively). 

15 To define the T-cell specificity elicited upon vaccination with the different CEA 

constructs, IFNy intracellular staining was carried out on pooled splenocytes from injected mice using 
peptide pool D. A CD8 + -specific response was detected in mice injected with pVlJ/hCEA-LTB 
(4.5%) superior to that detected with pVlJ/hCEA-LTA and pVU/hCEA (0.14% and 0.8%, 
respectively, FIGURE 10B). In contrast, pVU/CEA-LTA elicited a strong CD4 + -specific response 

20 (1.21%) greater than that observed with pVlJ/hCEA-LTB and pVU/hCEA (0.55% and 0.58%, 
respectively). 

The induction of the humoral immune response to CEA was examined by measuring 
antigen specific antibodies (FIGURE 11). Both plasmids pVlJ/hCEA-LTA and pVU/hCEA-LTB 
elicited a greater antibody response than pVlJ/hCEA, confirming the adjuvant effect exerted by the 
25 LT subunits on the CEA specific immune response. Thus, these data demonstrate that fusion of the 
CEA coding sequence to the LTA or LTB cDNA results in an increase the CEA specific immune 
response. However, LTB appears to have a greater enhancing effect on the immune response with a 
prevalent induction of CD8 + T cells, whereas LTA elicits a predominant CD4 + response. 

30 EXAMPLE 12 

Immunogenicity of CEA-LTB Fusions in Different Mouse Strains. 

To determine whether the enhancing effect of the LT subunits on the CEA specific 
immune response was not limited to a single mouse genetic background, DNA based immunizations 
were carried out in BALB/c, C57/DR4 and HLA-A2.1 (HHD) mice. The BALB/c mice were chosen 
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in view of their immunocompetence, being a mouse strain extremely reactive to immunization 
regimens of various sorts. The HHD transgenic mice express the human MHC class I genes. 
Similarly, C57/DR4 transgenic mice carry the human MHC class II genes. Thus, these two transgenic 
mouse strains may provide information as to the immunoreactivity of the CEA-LT fusions in the 
5 context of human MHC class I and II haplotypes. 

The CEA specific immune response in BALB/c mice was first assessed by ELISPOT 
assay. Enhancement of the antigen specific immune response upon immunization with plasmid 
pVU/hCEA-LTB was detected with peptide pools A, B, C, D (pVU/hCEA-LTB: 166, 1353, 796, 899 
SFC/10 6 splenocytes, respectively; pVU/hCEA: 57, 312, 327, 318, SFC/106 splenocytes 

10 respectively, FIGURE 12). As observed in the C57BL/6 mice, the N-terminal region of the CEA 
protein appeared to be the least immunogenic as compared to other sections of the tumor antigen. 
pVU/hCEA-LTA immunization also yielded an increase in the antigen specific immune response as 
compared to pVU/hCEA. The increase in the immune response was detected with peptide pools B, C 
and D (936, 727, and 650 SFC/106 splenocytes, respectively). Additionally, coinjection of the two 

15 plasmids pVlJ/hCEA-LTA and pVU/hCEA-LTB yielded a significant additive effect thats was 
detected mainly with peptide pools C and D (1783 and 2141 SFC/10^ splenocytes, respectively). 

The CEA specific immune response in C57/DR4 mice was considerably enhanced by 
the immunization with pVU/hCEA-LTB, and was detected only peptide pool D (FIGURE 13). IFNy 
intracellular staining performed on pooled PBMC from injected mice showed that the CD8 + response 

20 to CEA was highest in mice immunized with pVU/hCEA-LTB (15.32%), whereas was very weak in 
the pVU/hCEA treated group (0.5%). pVlJ/CEA-LTA immunization increased the antigen specific 
immune response only moderately (0.43%), and did not further enhance the CEA immunogenicity 
when coinjected with the construct encoding the CEA-LTB fusion (13.44 %). Interestingly, no 
significant CD4 + T cell response was detected in the immunized mice (data not shown). 

25 The immune response elicited by the different CEA encoding plasmids was assessed 

in HUD mice by performing IFNy intracellular staining on pooled PBMC. The immune response was 
only detected with peptide pools B and D, and as shown in FIGURE 14, immunization with 
pVl J/hCEA-LTB resulted in more than 10 fold increase in the CD8 + response to the target antigens. 
In contrast, no increase in the immune response was detected using pVlJ/hCEA-LTA either alone or 

30 upon coinjection with pVU/hCEA-LTB. No CD4 + T cell response was detected in the immunized 
mice (data not shown). 

Taken together, these data confirm that fusion of the LTB coding sequence to CEA 
results in a considerable increase in the antigen specific immune response. Interestingly, this 



-41- 



WO 2005/077977 



PCT/EP2005/001114 



response is predominantly CD8 + -specific and can be observed in different mouse strains, thus 
indicating that the enhancing effect exerted by the LT subunit is not genotype restricted. 

EXAMPLE 13 
5 Tolerance to Human CEA in Transgenic Mice. 

To determine whether the enhanced immunogenic properties of the hCEA-LTB 
fusion would break tolerance more efficiently to human CEA, hCEA transgenic mice were immunized 
with vectors carrying either the fully codon optimized cDNA of hCEA or CEA-LTB. These 
transgenic mice carry the entire human CEA gene and flanking sequences and express the hCEA 

10 protein in the intestine, mainly in the cecum and colon. Thus, this mouse line is a useful model for 

studying the safety and efficacy of immunotherapy strategies directed against this tumour self antigen 
(Clarke et al., Cancer Research 58: 1469-1477 (1998)). 

Immunization with pVlJ/hCEA-LTBopt resulted in a significant increase in the CEA 
specific immune response measured by IFNy intracellular staining on PBMC of the injected mice 

15 (FIGURE 15A). The enhancement of the T cell response was detected with peptide pool D and was 
predominantly CD8 + . Additionally, also the CEA specific humoral response was increased in the 
CEA-LTB treated mice as shown by the 47 fold increase in the geometric mean values of the Ab titer 
as compared to the pVU/hCEAopt treated group (FIGURE 15B). 

To determine whether the enhancing effect exerted by LTB on the CEA specific 

20 immune response could also be observed upon immunization with vectors other than plasmid DNA, 
groups of 12 CEA tg mice were immunized with Ad5/hCEAopt-LTB and Ad/hCEAopt at a dose of 
1x10?, 1x108, and 1x10^ vp. Mice were subjected to two injections two weeks apart and the immune 
response was measured by IFNy intracellular staining on PBMC two weeks after the last injection. 
The immune response was assessed using the peptide pool D. Ad/hCEAopt-LTB was more 

25 immunogenic than Ad/hCEAopt since significant immune responses to CEA could be detected with 
the lxlO&vp dose, whereas 1x10^ vp of Ad/hCEAopt were necessary to break tolerance to the target 
antigen (FIGURE 16). No CD4 + response could be detected in any of the immunized mice (data not 
shown). 

These data confirm that tolerance to this self antigen can be broken more efficiently 
30 due to the increased immunogenic properties of the CEA-LTB fusion. Furthermore, the enhancing 
effect of LTB on the immunogenic properties of CEA is also observable upon injection of plasmid 
carrying the fully codon optimized cDNA of the CEA-LTB fusion. Lastly, these results indicate that 
that enhanced immunogenicity of CEA-LTB is not limited to plasmid DNA immunization. 
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EXAMPLE 14 

Tumor Growth Kinetics in CEA Transgenic Mice Immunized with CEA-LTB Fusions 

It was deemed appropriate to ascertain whether the increased immunogenicity of the 
CEA-LTB fusion would also lead to an enhanced therapeutic effect capable of interfering with tumor 
5 progression. For this purpose, groups of 10 CEA-tg mice were subjected to 5 weekly injections of 
plasmids pVU/hCEAopt or pVU/CEAopt-LTB followed by a final boost with lxlOlO V p of the 
corresponding Ad vector. In view of recent reports that indicate that high levels of cellular immunity 
can be induced against viral and bacterial antigens by utilizing plasmid DNA prime- Ad boost 
modality, the same immunization protocol was employed in this study. Two weeks after the last 

10 immunization, the CEA tg mice were challenged with a subcutaneous injection of 5x10$ MC38-CEA 
tumor cells. This syngenic cell line was derived from a chemically induced colon cancer and 
expresses CEA. Tumor development in mock treated mice was detected by 22 days post challenge as 
all the treated mice were no longer tumor free (FIGURE 17A). Additionally, there was a concomitant 
increase in the average size of the tumor mass that reached significant volume by 34 days post 

15 challenge. Mice vaccinated with vectors encoding pVU/hCEAopt showed a partial resistance to 

tumor development since 2 out of 10 treated mice remained tumor free at day 34 post challenge. The 
average size of the tumors of this group was smaller than that observed in the mock treated mice. 
Immunization with vectors encoding the CEAopt-LTB fusion resulted in a significant protective 
effect from tumor development. Five out of 10 treated mice remained tumor free at day 34 post 

20 challenge, and the average size of the tumor mass in this group was significantly smaller that that 

observed in the mock or pVU/hCEAopt treated mice. Thus, these results indicate that the enhanced 
CEA-specific immune response associated with vectors encoding the CEA-LTB fusion correlates 
with a significant antitumor effect resulting in partial protection from tumor growth and reduced 
growth kinetics of the tumor mass. 

25 

EXAMPLE 15 

CEA-DOM and CEA-FcIgG fusions enhance the immunogenicity of the CEA protein. 

To examine the immune responses induced by the plasmids encoding CEA-FRC, 
CEA-DOM, CEA-VSV-G, CEA-FcIgG, CEA-HSP70 and CEA-LAMP fusions, groups of 9 C57BL/6 
30 mice were immunized with two i.m. injections of 50 or 5 |ug of each plasmid. The immunizations 
were three weeks apart. In view of the enhanced transduction and immunogenicity reported with 
electroporation (Zucchelli et al. J. Virology 74:11598 (2000), Widera et al., J. Immunol 164: 4635 
(2000)), plasmid DNAs were routinely electroporated (DNA-EP) into mouse skeletal muscle. 
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The immune response elicited by different plasmids was measured by IFNyELISPOT 
assay, 2 weeks after the last injection. Antigen-specific IFNy secretion from stimulated splenocytes 
was measured using a pool of 15mer peptides overlapping by 11 aa and encompassing the C-terminal 
region of CEA (pool D, aa 497-703) (Zucchelli et al., supra). The analysis of the immune response to 
5 CEA was carried out with peptide pool D since the cellular immune response to CEA in C57BL/6 
mice is primarily biased towards the C-terrninal region of this protein (Zuccelli et al., supra). As a 
negative control, cytokine production was also measured upon stimulation of the splenocytes with 
DMSO at the same concentration utilized to solubilize the CEA peptides. 

Injection of pVU/CEA-DOM or pVU/CEA-Fc elicited a greater immune response to 

10 CEA as compared to pVl J/CEA. The greater immunogenicity of these two fusion proteins resulted in 
higher geometric mean values of spot forming cells (SFC) per 10 6 splenocytes (FIGURE 20 A). 
Plasmids pVU/CEA-DOM and pVU/CEA-FcIgG had similar immunogenic properties and exerted a 
3- to 4-fold increase in CEA-specific immune responses upon injection of 5 or 50 \xg of plasmid DNA 
(pVU/CEA-DOM: 590 and 1098 SFC/106 splenocytes, pVU/CEA-FcIgG: 510 and 1160, pVU/CEA: 

15 146 and 264 SFC/10 6 splenocytes, respectively). No significant differences were noted between the 
SFC values elicited by the pVU/CEA-FrC, pV 1J/CEA-LAMP, pVlJ/CEA-HSP70 and pVU/CEA. 
No CEA specific immune responses were detected in negative control samples. 

To determine the effect of the CEA-fusions on the humoral response to CEA, sera 
from immunized mice were tested in ELISA using purified CEA protein as substrate (FIGURE 20B). 

20 An increase in CEA-specific antibody titer was observed upon injection of 50 |Lig of plasmids 

pVU/CEA-DOM, pVU/CEA-FcIgG, pVU/CEA-FrC and pVlJ/CEA-HSP70. On the contrary, 
injection of pVlJ/CEA-LAMP and pVlJ/CEA-VSV-G resulted in a CEA-specific antibody response 
similar to that observed upon immunization with pVl J/CEA. Taken together, these data demonstrate 
that fusion of the CEA coding sequence to the DOM or FcIgG cDNA results in an increase in the 

25 CEA-specific cell mediated and humoral immune response. 

EXAMPLE 16 

CEA-DOM and CEA-FcIgG fusions break tolerance to target antigen in CEA transgenic mice. 

Tolerance to the target antigen is one of the hurdles that a cancer vaccine must 
30 overcome to elicit an immune response and to exert an efficient antitumor effect. Thus, it was 

deemed appropriate to determine whether the enhanced immunogenic properties of CEA-DOM and 
CEA-FcIgG fusions would break tolerance to CEA more efficiently than the CEA protein. To this 
end, CEA transgenic mice were utilized to perform comparative immunization studies. These 
transgenic mice carry the entire human CEA gene and flanking sequences and express the CEA 
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protein in the intestine, mainly in the cecum and colon. This mouse line is a useful model for 
studying the safety and efficacy of immunotherapy strategies directed against this tumor self antigen 
(Clarke et al., supra). 

In view of the enhanced immunogenic properties of vectors carrying the codon usage 
optimized cDNA (cDNAopt) of CEA, both plasmid and Adenovirus vectors were engineered to carry 
the cDNAopt of the CEA-DOM (CEA-DOMopt) or CEA-FcIgG (CEA-FcIgGopt) fusions. As 
observed for CEA, CEA-DOMopt and CEA-FcIgGopt cDNAs were shown to be expressed with a 
greater efficiency of the corresponding wild type cDNA leading to an enhanced immune response to 
CEA (data not shown). 

The immunogenicity of these two fusion proteins was compared to that of CEA by a 
series of immunization studies based on the use of plasmid DNA and Ad vectors administered either 
alone or in combination. Cohorts of CEA transgenic mice were immunized with the following 
varying regimens: i) 5 injections at weekly intervals of 50 jug of plasmid DNA (DNA/DNA), ii) 2 
biweekly injections of Adenovirus in doses ranging from lxlO 7 to 1x109 viral particles (vp) of 
Adenovirus (Ad/Ad), or iii) 5 weekly injections of plasmid DNA followed by a final injection of 
1x109 vp of Adenovirus (DNA/Ad). Immune responses were analyzed by intracellular IFNystaining 
on PBMC or splenocytes of each immunized mouse using pool D peptides. Additionally, the 
induction of CEA-specific antibodies was monitored by ELISA. 

DNA/DNA immunization of the CEA transgenic mice revealed that the CEA- 
DOMopt and CEA-FcIgGopt vectors exerted a measurable CD8 + T cell response to the target antigen 
(FIGURE 21 A). Thus, both constructs were able to break tolerance to CEA in these mice. The 
antigen specific response elicited by CEA-DOM and CEA-FcIgG fusion proteins was comparable as 
indicated by the average values of IFNy intracellular staining (0.22 and 0.34%, respectively). 
Nonetheless, the immune response elicited by these two constructs was greater than that observed 
upon vaccination with pVU/CEAopt (0.07%). Similarly, anti-CEA humoral response was also 
greater upon vaccination with the fusion proteins. CEA-specific antibody titer was detected in all 
mice immunized with pVU/CEA-DOMopt and pVU/CEA-FcIgGopt and the average of the antibody 
titer was 56,136 and 24,725, respectively. By contrast, the pVU/CEAopt immunized group showed 
an at least a 77 fold lower average titer of CEA-specific antibody (318) (FIGURE 21B). 

CEA transgenic mice treated with the Ad/Ad vaccination regimen also showed a 
better efficiency in breaking tolerance to CEA upon vaccination with CEA-DOMopt and CEA- 
FcIgGopt Ad vectors than with Ad-CEAopt. A CEA-specific CD8 + T cell response could be observed 
in the vaccinated mice upon injection of a little as 10? vp of Ad-CEA-DOM or Ad-CEA-FcIgG, the 
CEA-specific response was comparable between the two antigens, and increased upon injection of 
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10 9 vp (1.55% and 1.15%, respectively). By contrast, 10 9 vp of Ad-CEAopt were necessary to elicit 
significant CD8 + T-cell precursor frequencies (2.1%) (FIGURE 21C). CEA-specific antibodies were 
detected in all mice immunized with Ad-CEA-DOMopt and Ad-CEA~FcIgGopt. The averages of the 
antibody titer were 19,600 and 33,000, respectively. Injection of Ad-CEAopt resulted in a measurable 
5 CEA-specific response in only 2 of the treated mice, and the antibody titer was significantly lower 
(Zucchelli et al., supra) (FIGURE 21D). Interestingly, the DNA/Ad immunization showed reduced 
differences in the CD8 + T cell precursor frequencies elicited by CEA, CEA-DOM and CEA-FcIgG 
vectors (FIGURE 22A). However, averages of CEA-specific antibody titers were greater upon 
vaccination with vectors expressing CEA-DOM and CEA-FcIgG than CEA (31,200, 26,120 and 412, 

10 respectively) (FIGURE 22B). 

Interestingly, regardless of the antigen, no obvious CD4 + cell Thl response to CEA 
was detected in any of the three vaccination regimens (data not shown). However, significant CD4* 
cell Thl response against to the helper epitope, p30, present within DOM sequences (Rice et al., 
Immunol. 167: 1558-65 (2001)) were detected after DNA/DNA vaccination (0.4%) (FIGURE 23). 

15 Thus, these data demonstrate that the CEA-DOM and CEA-FcIgG fusion proteins can 

break tolerance to CEA in transgenic mice with greater efficacy than the CEA protein. The enhanced 
immunogenic properties of these fusion proteins can be observed upon immunization with DNA or 
Ad vectors. However, the greater ability of these two fusion proteins in eliciting CD8 + T cells to 
CEA can be overcome, at least in part, by DNA/Ad vaccination regimen. 

20 

EXAMPLE 17 

T-cell depletion studies. 

Immunized animals were depleted of CD4 + T cells, CD8 + T cells, NK cells, by i.p. 
injection of anti-CD4 (GK1.5 hybridoma), anti-CD8 (Lyt2.2 hybridoma), or anti Asialo GM1 (Wako 

25 Chemicals, Richmond, VA) as described (Perricone et al., /. Immunother. 27(4):273-81 (2004); Yoon 
et al., Ethnopharmacol 93 (2-3):247-53 (2004)). Antibodies (100 fil diluted ascitic fluid/dose) 
were injected on day -7 relative to the tumor challenge and then injected every week for 3 weeks after 
injection of 5x105 MC38-CEA cells. Depletion conditions were validated by flow cytometry analysis 
of peripheral blood using phycoerythrin-conjugated MAbs anti-CD4, anti-CD8, and anti-NK 

30 (PharMingen, San Diego, CA); 99% of the relevant cell subset was depleted, whereas all other subsets 
remained within normal levels. 

EXAMPLE 18 

CEA-DOM immunization exerts an antitumor effect in CEA transgenic mice. 
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We next ascertained whether the increased immunogenicity of the CEA-DOM or 
CEA-FcIgG fusions would also lead to an enhanced therapeutic effect, capable of interfering with 
tumor progression. For this purpose, groups of 10 CEA transgenic mice were subjected to the 
DNA/DNA, Ad/Ad or DNA/Ad immunization regimens with the CEA-DOM, CEA-FcIgG, or CEA 
5 vectors. Two weeks after the last immunization, the CEA transgenic mice were challenged with a 
subcutaneous injection of 5x10^ MC38-CEA cells, a syngenic tumor cell line that expresses CEA 
(Clarke et al., supra). Immunization with DNA/DNA or Ad/Ad modalities did not result in any 
significant antitumor effect, regardless of the protein expressed by the injected vectors (FIGURE 24). 
In contrast, DNA-EP/Ad immunization with vectors encoding the CEA-DOM fusion protein resulted 
10 in a significant antitumor effect with 7 out of 10 treated mice remaining tumor free by day 34 post 
challenge. Thus, these results indicate that the enhanced CEA-specific immune response associated 
with the CEA-DOMopt cDNA, and the DNA/Ad vaccination regimen correlate with a significant 
antitumor effect in CEA transgenic mice. 

15 EXAMPLE 19 

The CEA-DOM antitumor effect is dependent on CD4* T cells, CD8 + T cells and NK cells. 

The effector cells involved in the antitumor effect observed upon DNA-EP and Ad 
immunization with vectors encoding CEA-DOM fusion were characterized. After DNA/Ad 
immunization, but prior to tumor challenge, mice were depleted of CD4 + , CD8 + T cells, or NK cells 

20 by MAbs. Antibodies were given during the course of tumor challenge to ensure continued depletion 
of the relevant NK and T cell subsets. The depletion of all three cell types was monitored by flow 
cytometry analysis using antibodies specific for cell surface markers (data not shown). Depletion of 
CD4 + , CD8 + T cells, or NK cells had a negative effect on survival of the immunized mice resulting in 
the drastic reduction of tumor-free mice as compared to the vaccinated group (FIGURE 25). Thus, 

25 these data indicate that NK, CD4 + and CD8 + T cells play an important role in the antitumor effect 
exerted by CEA-DOM vaccination. 

EXAMPLE 20 
Statistical analysis. 

30 Where indicated, results were analyzed by the log rank or two tailed Student t test. A 

p value < 0.05 was considered significant. 
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